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Special Products. 
By 8S. F. Breen, Ph.D., B.Se., A.LC., D.L.C. 


In this section there is nothing particularly outstanding to report 
for 1933. Useful work is still continuing in the development of 
synthetic solvents, etc., from refinery gases, particularly higher 
alcohols and ketones, and some of the latter, which have been both 
difficult and expensive to prepare, are now available in commercial 
quantities for the first time. The direct oxidation of methane and 
ethane has indicated the possibility of almost unlimited new sources 
of the corresponding alcohols and acids, while supplying, incidentally, 
definite proof of Bone’s hydroxylation theory of oxidation. 

CaRBON BLACK. 

According to statistics' reported by the Bureau of Mines, the 
production of carbon black for the year 1932 was 14 per cent. less 
than in 1931. The Panhandle district of Texas accounted for 
73 per cent. of the 1932 production. During the year both Utah 
and Montana ceased production. While the average yield per 
1000 cu. ft. of gas consumed was 144 lb. both in 1932 and 1931, 
the losses increased in the former to 4,814,000 Ib. 

Recent developments in methods for producing carbon black 
are reviewed by L. Light,? while C. Kaufman describes its manu- 
facture in Canada and Germany from acetylene.* The dissociation 
of hydrocarbons by their passage through a sheet of live flame 
closely adjacent to an incandescent surface has been patented.* 

SYNTHETIC CHEMICALS FROM PETROLEUM. 

Papers by Brooks’ and Nash and Bowen® submitted to the 
World Petroleum Congress summarise the present position for 
the production of synthetic chemicals from petroleum. Brooks 
includes much useful data concerning the higher alcohols and 
products derived from them. The conversion of the secondary 
alcohols into the corresponding ketones by such methods as de- 
hydrogenation over brass catalysts is now a commercial process. 

The production of alcohols from olefines continues to figure 
largely in the patent literature. While acid absorption is still 
being investigated,? a number of patents have been taken out 
to cover direct methods of hydration.* Purification of ethylene 
intended for the production of ethyl alcohol is carried out by 
passing the gas containing it over a metallic salt of phosphoric 
id (cadmium phosphate) at 150°-200° C. under pressure, when 
the higher olefines are converted into condensible liquids.® The 
removal of polymerised bodies which impart obnoxious odours to 
synthetic alcohols can be effected by agitation of the diluted 
alkyl sulphuric acid before distillation with an Edeleanu, furfural, 


acetone or similar extract from mineral oil..° Water-free alcohol 
2G 
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is prepared by using dehydratory salts consisting of a mixture 
of alkali or alkali earth salts of fatty acids. 

The production of alcohols by the oxidation of ethane under 
pressure has been investigated by Newitt and Bloch,” and Newitt 
and Townend’s contribution!*® to the World Petroleum Congress 
gives an interesting account of this work. Under similar conditions 
benzene gives phenol, while toluene gives products derived by 
oxidation both in the nucleus and in the side chain." 

The direct oxidation of ethylene to ethylene oxide free from 
aldehydes is accomplished'® by subjecting ethylene to the simul. 
taneous action of water and oxygen in the presence of a catalyst 
consisting of antimony, lead, bismuth, silver, arsenic, nickel, tin, 
gold, copper or iron at a temperature between 150°-400° C. and 
a pressure of 770 1b. per sq. in. An additional patent stipulates 
the use of a catalyst consisting of silver mixed with small quantities 
of either gold, copper or iron, adding hydrogen (15 per cent.) or 
carbon dioxide to the gases and operating at sub-atmospheric 
pressures.1® Oxidation of olefines in the gaseous phase at 
250°-600° C., in a vessel having a surface to volume ratio of 4:] 
has also been covered.” 

The chlorination of paraffin has been examined!® at 70° C., and 
compounds with a chlorine content varying from 20-48 per cent. 
chlorine obtained. Beyond 40 per cent., difficulties in chlorination 
were experienced. Viscosities and densities of the samples obtained 
are reported. It is claimed that halogenated paraffins containing 
more than eight carbon and nine chlorine atoms are converted 
into useful products by heating with a boiling concentrated solu- 
tion of alkali under atmospheric reflux. Copper salts or oxides, 
or the hydroxides of heavy metals can be used as catalysts.!® The 
chlorination of paraffin and/or aromatic hydrocarbons by free 
chlorine in the dark at 0°-30°C., is induced by the presence of 
traces of unsaturated hydrocarbons in the absence of substantial 
quantities of oxygen. Periles*! has studied the bromination o 
aliphatic hydrocarbons and finds that by using an iron catalyst 
at 290°-300° C., a yield of 79 per cent., of the alkyl bromide can 
be obtained. 

According to the Dow Chemical Co.,” the decomposition o 
chlorinated aliphatic hydrocarbons, e.g., carbon tetrachloride, i 
inhibited by the addition of small quantities (0-001-0-1 per cent.) 
of a mercaptan (n-butyl mercaptan). 

The preparation of mono- and di-nitrotoluene from Shukoko 
gasoline has been worked out by M. Mizuta. It is calculated 
that 570,000 kg. of mononitrotoluene per annum could be produced 
from 100 koku of the present daily production of the crude. I 
a subsequent communication, the optimum conditions for the 
conversion of 2 : 4 dinitrotoluene into a-trinitrotoluene are given. 
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Use is made of the hypochlorous or hypobromous esters of 
tertiary alcohols in the production of chloro- or bromo-hydrins. 
The tertiary alcohol is recovered and reconverted into the ester.2® 
Schaarschmidt has shown that aliphatic or alicyclic hydrocarbons 
containing a tertiary hydrogen atom react with carbon monoxide 
or phosgene in the presence of aluminium halides, with or without 
the addition of cuprous bromide, to form ketones.?® 


INSECTICIDES. 

Petroleum insecticides®’ consisting of napththa solution of toxic 
plant principles such as pyrethrum, derris, etc., have been found 
to be more toxic if the petroleum fraction has an aromatic content 
(including unsaturated hydrocarbons) exceeding 15 per cent. 
It is therefore proposed to use extracts obtained by the solvent 
extraction of kerosine distillates instead of refined kerosine. 

Spray fluids are discussed by R. M. Woodman and emulsions 
prepared with toluene, benzene, dekalin and tetralin described.28 
A material comprising an aromatic compound containing in the 
nucleus an esterified carboxyl group and an etherified or esterified 
hydroxyl group which may be used in the form of an aqueous 
emulsion or in a solution in a hydrocarbon of high boiling point 
has been patented by the I. G. Farben-Ind.?® 

BITUMEN AND Wax. 

Bitumen and wax find considerable application in industry 
for the preparation of bituminised or wax paper. Bituminised 
paper and cardboard are used for protecting articles and metallic 
surfaces against moisture and corrosion as well as for electrical 
insulation, while the paper has recently been found to be of great 
value in the sugar-plantations, where it is used to cover the ground 
to prevent the growth of weeds and help the ground to retain its 
moisture. These applications and the four principal methods for 
impregnating the paper are described by Belane.*® The use and 
manufacture of bituminised paper for protective wrappers is also 
reviewed in Asphalt u. Teer*4 A new type of paraffin wax size 
for paper is also reported. This is prepared by the use of an 
emulsifying agent without employing high-speed mechanical 
agitation. The base is virtually water-free and is supplied either 
separately or containing 80 per cent. of paraffin wax. An inter- 
esting table of comparisons of the effective resistance of various 
Wrappers for food to the passage of water vapour shows that, 
although waxed paper is more efficient than any other described, 
its efficiency rapidly decreases after creasing.** 


MISCELLANEOUS. 


The mechanism of the swelling of rubber when in contact with 
hydrocarbon oils is discussed by Naunton, Jones and Smith. 
2G2 
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The main conditions to be met in preparing oil-proof rubber are 
given, together with some of the properties of Duprene and ethylene 
polysulphide rubber. The latter, “ Thiokol,” which is produced 
by the action of ethylene dichloride on sodium polysulphide, forms 
a valuable new constructional material.*® 


Compounds consisting of an aluminium soap emulsified with 
a medium motor oil are known as “ lucid ” compounds on account 
of their appearance. They are characterised by extreme stringi- 
ness, adhesiveness and limpidness ; their preparation and applica- 
tions are described by Kopp.** 


The manufacture of chemical specialities using the standard 
equipment of the ordinary grease plant is discussed by Caplan.” 
The properties of the various ingredients recommended and hints 


on the manufacture are given. 
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Analysis and Testing. 
By C. Cutivers, B.Sc., F.1.C. (Assoc. Member). 


A coMPARISON of this review with that for 1932! shows a striking 
increase, partly due to the World Petroleum Congress, in the 
number of references. As has previously been the case, there 
appears to be a tendency to concentrate on two or three groups of 
products, while progress under such headings as crude oil, white 
spirit, kerosine, gas oil and fuel oil, is still very scanty. On the 
other hand, much work has been done on motor fuels, lubricants 
(including viscometry) and particularly on bituminous materials. 

In the account which follows, an attempt has been made to 
cover as much as possible of the published work relating to this 
section and, owing to limitations of space, this has, necessarily, 
reduced the reviewer’s comments to a minimum. A few articles 
published in 1932, but too late for consideration in the review for 
that year, have been included to complete the record. 

Standardization efforts still proceed. At the World Petroleum 
Congress, international co-operation in standardization in relation 
to petroleum products was discussed by Anderson,? Dunstan*® 
and Weiss.* It was resolved that all proposals concerning inter- 
national standardization should be submitted through Committee 28 
of the 1.8.4. A number of sub-committees of this Institution 
have methods of test under examination in preparation for the next 
edition of Standard Methods of Testing. The triennial volume of 
AS.T.M. Standards has been published, together with the annual 
report of Committee D-2 of that Society, on Petroleum Products 
and Lubricants. Some tentative methods have been advanced to 
standards, but the only important change is in the procedure 
for cloud and pour points (referred to under lubricants). The 
corresponding report of Committee D-9 on Electrical Insulating 
Materials has also been issued, and indicates that work is still 
proceeding on titration and electrometric methods for determining 
acidity of insulating oils. Sludge tests, including a short time 
method, are also being studied. For the viscosity of circuit 
breaker oils at low temperatures, extrapolation from the A.S.T.M. 
chart is recommended. The method and apparatus for measuring 
the volume-resistance/temperature of filling compounds and oils, 
are described in an appendix to Specification D176-33T. 

The French Standardization Association—the A.F.N.O.R.— 
has had methods of testing petroleum products under consideration 
but has not yet adopted any definite procedure.* Proposals of 





* In January this year the Chambre Syndicale des Importateurs d’Huile 
Minerales de Graissage published a brochure giving details of tests on 
lubricants. 
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an Italian Government Committee have appeared,® and further 
references will also be found under the appropriate headings 
which follow. 

CRUDE PETROLEUM. 


From the analyst’s point of view, crude oil has attracted little 
attention, but Ashworth® has now issued in book form details of 
his method and vacuum apparatus for determining the lubricating 
oil content of crude. For the extraction of paraffin, Fussteig’ 
considers that preliminary distillation should be avoided, and 
prefers removing the asphaltic matter by fuming sulphuric acid 
(in light benzine solution) before precipitating the paraffin with a 
mixture of alcohol and butanone containing phenol. In an in- 
vestigation on reservoir control on oil fields, Jones* measured the 
surface tension of the crude by noting the pull of a film of oil ona 
special glass frame attached to a balance arm, while the same 
author determined the specific gravity by balancing a solid glass 
bob suspended in the oil. 

GAS. 

No papers of outstanding interest to the petroleum chemist 
have appeared on gas analysis problems, although a number of 
improved methods are recorded. A summary of absorption, 
combustion and physical methods for the analysis of petroleum 
gases is given by Stanley,® including a useful survey of the literature. 
For the separation of gasoline, both liquid nitrogen’? and a mixture 
of gasoline and solid carbon dioxide™ have been used as condensing 
media. According to Herrmann!® and to Watase!* combustion 
over activated copper oxide gives a satisfactory method for esti- 
mating methane and hydrogen, but the latter author finds palladin- 
ised asbestos suitable for hydrogen. A critical study has been 
made by Shepherd and Branham‘ of the determination of ethane 
by combustion over platinum in the presence of excess oxygel, 
and the sources of error are discussed. Propylene is absorbed 
more rapidly than cyclopropane in aqueous bromine-iodine solu 
tions, and Roginski and Rathmann!® use this fact to effect 4 
separation. Diffusion experiments can assist materially in 
obtaining the composition of hydrocarbon gases, and Baxter and 
Beckham'*® have gone thoroughly into this problem. Johnson 
and Berwald?’ describe a method for measuring the deviation of 
natural gas from Boyle’s Law. 

Hydrogenation is of increasing importance to the petroleum 
industry, so that the paper by Ipatieff and others!® should be 
useful, as they have devised an apparatus for finding the sol 
bility of hydrogen and natural gas at high temperatures and 
pressures in petroleum liquids. 
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The Orsat apparatus is still generally used, although Murphy 
and Wirth’ prefer that of Gockel. With a modified Haldane 
apparatus, Margaria’® uses a new gas pipette to accelerate absorp- 
tion. An improved slow-combustion gas-pipette for hydro- 
carbons is described by Bayley,” while patents include a device 
for the combustion of gas in a mixture containing oxygen* and a 
pressure-controlled mercury valve to protect gauges from cyclic 
pressures.** 

Physical methods and their application for measuring and 
recording gas composition are described by Hamilton. These 
are based on the measurement of gas densities, the heat evolved 
when gases are burned catalytically, and the thermal conductivity 
method. Martin and Green** determine carbon dioxide in con- 
tinuous gas streams by titration, while Kobe and Arveson*® for 
hydrogen and carbon monoxide use platinised silica gel as an 
oxidation catalyst. 

Micro-analysis has extended to gas analysis and Swearingen, 
and others®® use a horizontal capillary burette with solid reagents 
for the purpose. Two gas-flow meters are described, one utilising 
a constant pressure difference,” while in the other a porous dia- 
phragm has been introduced in place of a capillary,?* this device 
being also suitable for measuring gas under pressure. 

Measurement of true gas temperature is difficult, and Uchida,?® 
after critically surveying some six methods, recommends the high 
velocity thermo-couple in which a high gas-velocity past the couple 
is used to bring the latter to the true temperature. 

Fulton®® discusses the construction and operation of a gas 
calorimeter similar to that of the Bureau of Standards. A detailed 
description of the application of thermal conductivity data to gas 
analysis has been published by Daynes,*! and Minter* uses this 
method to determine carbon content of gasoline by exhaust gas 
analysis. For the latter purpose, Wilford*® employs a modified 
Orsat apparatus, the utility and limitations of the procedure being 
discussed at some length. 


Moror FvELs. 


Gum determination has been the subject of much discussion 
during the year under review, and some progress can be recorded. 
The glass dish and cold air-jet method for existent gum has been 
recommended, after exhaustive tests, for adoption as standard 
by a Committee of the Institution of Petroleum Technologists.*4 
The A.S.T.M., however, are recommending as a tentative standard 
the high temperature air-jet method*5 (described as method B in 
the report of Committee D-2, 1932). 
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Proposed methods both for actual and potential gum are 
summarised by Egloff and others,** who conclude that the conven- 
tional air-jet test most closely correlates gum deposition in motor. 
cars. The effect of variations in the evaporation procedure on 
the amount of gum formed by this method—e.g., temperature 
volume evaporated, rate of air, ete —is discussed by Bridgeman 
and Molitor.*? 38 

Estimation of potential gum presents a more difficult problem, 
and a variety of proposals have been made. The copper dish test 
still finds favour with certain American refiners*® ** @ for routine 
control and prediction of storage stability, but more carefully 
controlled tests are rapidly finding favour. Rogers and 
Voorhees,®: “ using the oxygen gum test of the latter author and 
Kisinger, measure the rate of oxidation as indicated by the induc- 
tion period, and consider that this gives a more complete picture 
of the oxidation behaviour of gasoline than tests in which the 
amount of gum formed in a fixed period of oxidation is measured. 
The Hunn, Fischer and Blackwood oxygen bomb test has been 
modified by Winning and Thomas,” who use a smaller apparatus, 
while Ramsay and Davis® indicate corrections which should be 
applied to the induction period. A comparison of a storage test 
with oxygen bomb data has been made by Flood, Hladky and 
Edgar.*4 Thomas (W. H.)*° tried two bomb methods, but Mardles 
and Moss*® prefer a simple incubation test in air at 35° C., a test 
which has been adopted in the new Air Ministry Specifications 
DTD 224 and DTD 230. For total gum, Kogerman*” states that 
the rise in temperature due to the reaction between stannic chloride 
(in benzene) and the unsaturated hydrocarbons gives reliable 
relative values. Freund*® 4® again stresses the acceleration of the 
formation of potential gum by ultra violet light and its importance 
in relation to storage, while Vellinger and Radulesco,™ * during 
similar treatment, measure the speed of absorption of oxygen as 4 
criterion of ageing and then determine gum by the air-jet method. 

Summarising the modern tendency in gum determination, it 
would appear that the glass dish, using an air-jet, is generally 
accepted as the most satisfactory for existent gum. Although 
the investigation of potential gum has not yet proceeded far enough 
for a definite method to be standardised, in spite of certain dis- 
advantages, the indications are that some type of bomb method 
may ultimately be adopted. 


The analysis of gasolines still attracts attention, although some 
of the methods given below appear to be of little more than academic 
interest. No definite advance on the standard methods at present 
in use can be recorded for routine analysis. From the specific 











gravi 
thene 
point 
Mint 
in st 
hydr 
pioni 
hydr 
cusse 
infra 
of in 
has | 
gasec 
of ai 
Jelin 
and ] 
with 

By 
of ev 
satur 
much 
diffie 
gasol 
light, 
of fe 
meth 
alcoh 

Wi 
Conti 
exam 
exam 
sugge 
prod 
Herb 
whic] 
estim 
absor 
been 
alcoh 
follov 
Pope: 
inter: 
merc: 
form: 
in th 


are 
ven- 
tor- 
+ On 
ure, 
man 


lem, 
test 
tine 
ully 
and 
and 
lue- 
ture 
the 
red, 
een 
tus, 
be 
test 
and 
dles 
test 
ions 
hat 
ride 
ible 
the 
nce 
“ing 
iS a 
l. 
it 
ally 
ugh 
ugh 
dis- 


hod 


me 
mic 
ent 
ific 





ANALYSIS AND TESTING. 461 


gravities of the distillate from acid washed spirit and of the naph- 
thenes and paraffins corresponding to the 50 per cent. boiling 
point, together with the volume absorbed by sulphuric acid, 
Minter® deduces formule for estimating paraffins and naphthenes 
in straight-run gasoline. According to Herzenberg™ unsaturated 
hydrocarbons can be separated and identified by means of perpro- 
pionic acid, while for the same purpose Brooks®‘ suggests benzoyl 
hydrogen peroxide. Methods for determining aromatics are dis- 
cussed by Heilinggotter.5> Raman spectra in conjunction with 
infra red absorption spectra have been applied to the identification 
of individual hydrocarbons in mixtures.5* A micro-dynamograph 
has been suggested by Buchtala®” for the analysis of liquid or 
gaseous fuels; it is a portable instrument in which explosions 
of air with measured quantities of liquid or gas are produced. 
Jelinek®*® describes an apparatus for distilling at constant pressure 
and proposes using a combination of the usual isobaric distillation 
with an isothermal distillation for the analysis of fuels. 

By means of a microbalance, Tausz and Rabl®® study the rate 
of evaporation of small amounts of benzines and solvents from a 
saturated filter paper, and it is claimed that this method gives as 
much information as the Engler distillation. To overcome the 
difficulty of obtaining comparative results for colour stability of 
gasoline using sunlight, Murphy and Wirth’® use the carbon arc 
light, and Hoeman® takes advantage of the actinometric properties 
of ferric oxalate to indicate the end-point. A rapid iodine value 
method for benzol is described by Galle and Klatt®™ dissolving in 
alcohol and using alcoholic iodine. 

With the increasing use of alcohol fuels, particularly on the 
Continent, more importance must be attached to methods of 
examining these products. In general, they are more readily 
examined by physical methods, and Bonnier and Juge-Boirard® 
suggest a method based on the amount of water necessary to 
produce turbidity in a mixture of gasoline and alcohol, while 
Herbrich® uses a similar procedure but constructs graphs from 
which extrapolation can be made to 0°C. The same author 
estimates alcohol in an alcohol/gasoline blend by measuring the 
absorption in water. The Zeiss immersion refractometer has 
been used by Mortimer and Giese® for similar mixtures. Methyl 
alcohol and acetone are not uncommon in these fuels, and the 
following papers should, therefore, be noted. Jonesco-Matiu and 
Popesco®® identify and determine methanol in ethanol by the 
interaction of oxidation products with various reagents containing 
mercury. The reaction between acetone and an excess of alkaline 
formaldehyde is applied to the estimation of these two alcohols 
in the presence of acetone by Hoff and Macoun,** while Young™ 
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gives tables for the specific gravity of acetone/water mixtures. 
Attention is also called to the specific gravity tables at 80/80° F. 
compiled by Tate®* for aqueous solutions of ethyl alcohol. 


SuLPHUR DETERMINATION. 


Efforts are still being made to improve existing apparatus and 
technique and to devise satisfactory new methods for determining 
sulphur in petroleum products. With regard to light fractions, 
lamp methods still retain their supremacy, and with heavier 
products, although alternatives to the bomb method have been 
put forward, the latter is still most generally used. Various 
modifications of lamps designed to increase the rate of burning 
have been introduced. With the A.S.T.M. lamp, Choppin and 
Menville*®® use a wider chimney and a metal radiator on the burner, 
while Gillis” controls the flame height by a neat device. Ir the 
Report of the Fuel Research Board,”! a more elaborate lamp for 
the I.P.T. method is described, incorporating an acetylene burner, 
the vapours being burned with hydrogen. (For organic sulphur in 
gas, Wilson” has also suggested a burner in place of the A.S.T.M. 
lamp). According to Wirth and Stross,”* when metal chlorides 
are used in refining gasoline, some chlorination may occur, and to 
avoid high results in the sulphur determination due to the forma- 
tion of hydrochloric acid, they propose determining total acidity 
by a lamp method and chlorine by the Mohr method. 


Considerable importance is attached to the determination of 
corrosive and reactive sulphur, and an I.P.T. Sub-Committee is 
examining this question. Dittrich’ uses mercury (followed by a 
copper-colorimetric method for estimating the sulphide), 
Kiemstedt’*® prefers copper, while Dubrisay’* favours copper or 
silver for this purpose. The doctor test as applied to natural 
gasoline has been studied by Boyd,” who found the U.S. Bureau 
of Mines test to be more sensitive than the N.G.A.A. test. After 
surveying the methods for determining mercaptans, Schulze and 
Chaney” propose oxidising with cupric chloride and titrating the 
cuprous chloride formed with permanganate. A similar method, 
titrating directly with cupric oleate, is put forward by Bond.” 
Herrera and Bermejo™ suggest the use of sodium nitroprusside, 
which gives a red colour with mercaptans, as it is quicker and 
simpler than the doctor test. 


Passing to heavier oils, Nowak*! advocates Rothe’s method 
(magnesia and nitric acid) for sulphur in cable insulating oils, 
while Grote and Krekeler® have brought forward a method for 
sulphur in combustible substances generally, in which the latter 
are volatilised and burnt in a quartz tube. The products of 
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combustion are absorbed in hydrogen peroxide and the sulphuric 
acid estimated either volumetrically or gravimetrically. Accord- 
ing to Gavrilenko,* losses in the bomb method can be prevented 
by using 10 per cent, caustic soda in the bomb. 


KEROSINE. 


Owing to the World Petroleum Congress, rather more work 
than usual has appeared on kerosine, published investigation 
being confined, however, to smoke point and colour stability. 
Jackson (J. S.)8* indicates the tests necessary to evaluate this 
product for illuminating purposes, including smoke point, viscosity, 
sulphur and a 24-hour burning test (weighing the char). A standard 
lamp and technique have been adopted by the I.P.T. for deter- 
mining smoke point*®® (the development of the method is discussed 
by Woodrow**), and the method is now being further investigated. 
Smoke point is expressed as the maximum flame height in mm. 
without smoking. Moerbeek,*’ however, uses the Weber photo- 
meter lamp, and the tendency to smoke is obtained by subtracting 
the flame height from 32. Gilbert®* has deduced a formula for 
calculating smoke-point without the use of a lamp. 


As regards colour stability, a good deal of attention has centred 
round the Hillman*® test, in which the sample is agitated with 
lead dioxide and caustic soda, the colour being measured before 
and after treatment. Allibone® tried more drastic agitation 
with this method, while Moerbeek™ considers the test very suitable 
for refinery control when used in conjunction with Moser’s silico- 
tungstic acid test (which gives a precipitate with nitrogen bases). 
A suggestion, also due to Moser, is that lead acetate could replace 
ground lead dioxide with advantage as it gives, with water, lead 
dioxide of uniform fineness. Direct oxidation with alkaline 
potassium ferricyanide is suggested by van Senden.* 


Gas OI. 


As indicated above, very little progress can be reported in this 
section. Improvements in the technique of their method for 
valuation of gas oils, have been introduced by Griffiths and 
Hollings, ** although the purity of the naphthenes, on the properties 
of which the conclusions are based, has been questioned by Vlugter, 
Waterman and van Westen. 

Laboratory cracking experiments, together with the properties 
of the products, are described by Schlipfer and Schaffhauser,*® 
and the total heats of gas oils at high temperatures and pressures 
were determined by Gary, Rubin and Ward.** 
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LUBRICANTS. 


The interest which has been evinced in viscosity measurements 
again warrants a separate section being devoted to this problem, 
Many other papers have, however, appeared dealing with the 
testing of lubricants. In particular, oxidation tests and friction 
testing machines have come in for much attention. A revised 
edition of ‘‘ Lubricating and Allied Oils” by E. A. Evans has 
appeared.” 

Standard German methods for testing lubricating oils are 
described by Hilliger,** while various German authors®®,10.101,1@ 
have dealt with the determination and significance of flash points 
of these oils at some length. A tentative revision of the cloud and 
pour tests has been adopted by the A.S.T.M.% in which three 
cooling baths (30° F., 0° F. and -30° F.) are required, the two last 
to be used successively if no cloud appears at 50° F. and 20°F. 
respectively. McCloud! discusses this test critically. Alter- 
native methods are suggested by Verver!®> to overcome the diffi- 
culty with dark oils: (a) refining with clay and sulphuric acid to 
a light colour, and (b) cooling until the sample shows up a Tyndall 
cone. A different type of apparatus, which is rather complicated, 
has been developed by Woog?®* for measuring “ Flow Temperature.” 

The significance of distillation tests for lubricating oils has been 
considered by several investigators. Tilman’ favours vacuum 
distillation with a pressure as low as 0-2 mm. mercury, and suggests 
that an oil is better characterised by the slope of the curve between 
two arbitrary points than by the usual tests. Details of a vacuum 
test have also been described by Davis and Hornberg,!°* but 
Saal and Verver!® prefer distillation with steam. Incidentally, 
an apparatus has been patented by Payne™® for distilling heavy 
lubricating oil without cracking or entrainment. 

A claim that gumming and non-gumming oils may be dis- 
tinguished by the ultra-violet radiation test is made by Muir)” 
who outlines three methods of applying the test and describes 
a special apparatus. Freund and Thamm” consider that the 
usual tests—specific gravity, viscosity at 50°C., setting point, 
asphalt, coke and colour—are sufficient for motor lubricants, but 
the modern tendency with lubricating oils, as with other petroleum 
products, is to include a laboratory test, which, in a short time, 
will give an indication of the condition of the oil after normal 
usage. 

Many oxidation tests have been suggested in various countries 
and several papers at the World Petroleum Congress gave rise to 
considerable discussion on this question. Interpretation of the 
results in terms of engine practice is difficult, and, since different 
methods (or even slight variations of procedure in the same method) 
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give quite different results, some international standard method 
could be adopted with advantage. In general, these tests are 
intended to indicate the tendency for carbon formation in the 
engine, and Gruse,"* in reviewing this problem, considers that neither 
oxidation, coking nor distillation tests are entirely satisfactory. 
Philippovich™* in discussing similar questions, describes the 
D.V.L. carbonisation test and gives the relative results obtained 
by a number of methods. According to Fachini and Sporer,"® oils 
may be graded by a test which involves heating in an open crucible 
at 150°C. The acidity, saponification number, and iodine number 
of the artificially aged oil are then determined, together with the 
amount of sludge insoluble in petrol, at intervals up to 130 hours. 
The British Air Ministry Oxidation Test is dealt with by Garner, 
Kelly and Taylor,“® while Evans" heats the oil in a sealed tube 
and measures the oxygen absorbed. Evers and Schmidt"® deter- 
mine the rate of absorption of oxygen by the oil at 100° C. in the 
presence of a solid catalyst. Oxidation by the V.D.E. method 
gives comparable results for different oils, according to Dvorak,"® 
who has studied the effect of time of heating and the influence of 
copper. In a paper by Barnard™ and others, it is claimed that the 
Indiana oxidation test reliably correlates sludging tendency and 
engine performance. This test consists essentially in bubbling 
air through a column of oil at 341° F. at 10 litres an hour, removing 
25 ml. at intervals and determining the sludge insoluble in petroleum 
spirit. The sludging time is defined as the time necessary to produce 
10mg. of sludge in 10grm. of oil. In connection with the 
mechanism of oxidation, Yamada!*! uses a modification of Wheeler’s 
method—treplacing acetic acid with ethyl alcohol—for the estimation 
of peroxides. 

Closely connected with oxidation are the ageing experiments of 
Vellinger and collaborators, !*:1*.124 who continue to develop the 
potentiometric method, using the antimony electrode, for determin- 
ing acidity and saponification value. They also suggest that the 
relation between pH and interfacial tension forms a sensitive 
test for the efficiency of refining. 

A number of tests, using the U.S. Navy endurance tester, have 
been carried out by Pound,!*> the viscosity, carbon residue, acidity 
and sludge being determined before and after test. Two papers 
have appeared on the determination of diluent in used lubricating 
oil from Diesel engines, and these were discussed at the World 
Petroleum Congress. Stark!* favours a vacuum distillation, but 
Wilford!?’ prefers steam. 

The number of friction-testing machines which have been 
described again indicates the tendency to apply some more practical 
test in addition to the usual physical tests. King™* 1° uses the 
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Jakeman type of machine with which a seizing temperature is 
obtained instead of a seizing pressure. The rate of temperature 
rise in oil in circulation through a special machine is measured by 
Hohenschutz,!* and a German device autographically records 
friction.“ A modified Herschel apparatus in which the balls 
are replaced by rollers has also been used,’ while in a design due 
to Donaldson and Hutchinson, a steel ball (resting on three 
other balls) is oscillated by means of a weight fixed to it, thus 
forming a pendulum. By measuring the pressure required to 
rupture a film, Phelps'** claims to obtain comparative figures for 
the oiliness of various fluid lubricants. A patented apparatus! 
for determining lubricating value utilises the inertia of a rotating 
member mounted on a lubricated surface of another rotatable 
member. An apparatus of different type for testing oil for rail- 
car journals is known as the Sinclair Waste Grab Tester.!** 
Vieweg and Kluge,)*’ by means of an oscillograph, measure 
the thickness of oil films, while Kyropoulos* describes a machine 
designed by Prandtl to:show that orientation of lubricating oil 
molecules under bearing conditions results in a decrease in viscosity. 
Extreme pressure lubricants have attracted a good deal of 
attention and various machines have been devised to measure the 
load-carrying capacity of these products.1°% 159, 140,141,142 The 
Bureau of Standards are developing a machine in which the ratio 
of the applied load to the actual pressure will remain constant 
for each run.1* In a study of the lubricating properties of greases, 
Rhodes and Allen'** use an apparatus in which a flat lubricated 
surface can be tilted and the angle at which a rider resting upon 
it starts to slip, is taken as a measure of the coefficient of “‘ static 
friction. The consistency of greases has been investigated by 
several workers. v. Schroeter'*® reviews the available methods 
and describes a penetration method using an aluminium cone. 
Nelson!** uses the Gardner mobilometer, in which the time taken 
by a plunger to fall to the bottom of a cylinder filled with grease 
is noted, while for soft and stringy greases Lederer and Zublin'“ 
employ the falling sphere viscometer or a string test with the 
A.S.T.M. cone. In the Woudhuysen fusiometer for greases, etc., 
the melting point is taken as the temperature at which 25 ml. 
have flowed into a measuring vessel.!** In an appendix to the 
report of A.S.T.M. Committee D-2, Herschel'*® describes a pro- 
cedure for measuring bleeding of cup greases. He has investigated 
the effect of varying the pressure, temperature and duration of 
the test. According to Bauer and Ford,)” the proportion of lead 
can be determined in these products by fuming with sulphuric 
acid after ignition. 
A new British standard specification for turbine oils has been 





issuer 
tests 


Th 
satisf 
perfo 
sugge 
give | 
(Deta 
istics 
In a 
a sun 
probl 
assess 
specif 
more 
some’ 
izatio 
and § 


Vis 
much 
the v 
very 
tives 
is bas 
Clayd 
rate « 
on kit 
chart 
the li 
the r: 
viscos 
meth« 
on ar 
of sim 
This 
Congr 
by U 
reviey 
istics 
recent 
suscey 
is clai 


n 














ANALYSIS AND TESTING. 467 


issued! giving full methods of test. In addition to the usual 
tests these include sludge, volatility and demulsification number. 


INSULATING OILS. 


The main problem with insulating oils is the provision of a 
satisfactory ageing test which can be correlated with actual 
performance. At the High Tension Conference in Paris, Salomon!® 
suggested a modification of the Weiss and Salomon procedure to 
give a rapid indication of the quality of a used transformer oil. 
(Details of the latter method for determining sludging character- 
istics of transformer oils are given by Muller and Consolati.') 
In a report at the same conference by the former two authors,)54 
a summary is given of a number of papers dealing with the ageing 
problem, while Masson'®® discusses resistivity measurements for 
assessing the quality of insulating oils. The British standard 
specification'®* for these oils has been revised and includes a 
more detailed description of the sludge-test apparatus, while the 
somewhat empirical ‘‘ crackle test ” has been included. Standard- 
ization, from an international point of view, is surveyed by Weiss 
and Salomon.?* 

VISCOMETRY. 


Viscosity-temperature characteristics are still the subject of 
much discussion. Not only in the United States, but elsewhere, 
the value of the Dean and Davis viscosity index system has been 
very widely recognised. Several further modifications and alterna- 
tives have, however, been suggested, largely because the system 
is based on Saybolt viscosities and not upon fundamental units. 
Clayden,!5* with this in view, stresses the advantages of evaluating 
rate of change of viscosity with temperature by a system based 
on kinematic units and degrees Centigrade. By means of a suitable 
chart “‘ viscosity gradients’ are obtained. This author shows 
the limitations of the proposal of Bell and Sharp,}®® who express 
the rate of change as the tangent of the angle of slope of the 
viscosity-temperature lines on the A.S.T.M. chart. In an alternative 
method, Walther!™ plots logarithmic viscosity-temperature curves 
on an appropriate scale and shows that the curves for all oils 
of similar type pass through a single point called the viscosity pole. 
This paper gave rise to some discussion at the World Petroleum 
Congress. The formula proposed by this author has been modified 
by Umstatter]® while Lederer® in discussing the same question, 
reviews the relationship between viscosity-temperature character- 
istics and physical properties generally. Nevitt!® has more 
recently brought forward the conception of viscosity-temperature 
susceptibility coefficient (based on the A.S.T.M. chart), which 
is claimed to be a system without the inherent limitations of the 
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V.I. system, while Larson and Schwaderer'®* have suggested a 
viscosity-temperature-zone gravity classification for lubricating 
oils. In a comprehensive paper before the World Petroleum 
Congress, Cragoe'®® outlines a simple means for representing 
changes in the viscosity of liquids with changes in temperature, 
pressure and composition. It was found, to a close approximation, 
that a certain function of absolute viscosity (or of kinematic 
viscosity) is linearly related to temperature, its reciprocal is 
linearly related to pressure and that a linear mixture rule is 
applicable to such a function. Viscosity-pressure characteristics 
of lubricating oil are discussed by Hersey and Snyder.'** Steiner'® 
has carried out experiments on the viscosities of mixtures of 
oils, and finds that a simple logarithmic law is obeyed. Some 
work is also recorded on the viscosities of solutions of lubricating 
oil with a view to elucidating the relation between composition 
and the viscosity of mixtures.1®.16 

Viscosity and its expression caused much discussion at the 
World Petroleum Congress and although it was generally agreed 
that viscosities should be expressed in C.G.S. units, the relative 
merits of the stoke and poise were the subject of some controversy. 
A majority favoured the adoption of kinematic units, and a 
resolution that this is desirable was passed, with the addition that 
specific gravities should also be reported. A third resolution, 
emphasising the necessity for international co-operation to ensure 
that the same values of the units of kinematic viscosity should 
be in use in all countries, was also carried. Barr,)® after stressing 
the importance of using kinematic units, emphasised the necessity 
for a surface tension correction in capillary viscometers of the 
Ostwald type. Crude instruments are capable of quite accurate 
measurements if properly calibrated, and Bingham!” discusses 
the provision of standard calibrating liquids. This question of 
calibration has also been considered by Louis and _ collabor- 
ators7.176 Although the tendency is more and more to employ 
glass capillary viscometers, the common commercial types are still 
largely used, and the interconversion of the various units and with 
absolute units has become increasingly important. An analysis 
of conversion equations for Redwood, Saybolt and Engler to abso- 
Jute units is given by Garner and Kelly,” while the latter 
author has designed a chart!”* which, among other useful functions, 
permits the interconversion of the six usual commercial viscometer 
and kinematic units. Conversion formule and a table are also 
given in provisional standard methods of the Italian Government.’ 
It is essential to have accurate data to derive reliable viscosity- 
temperature relationships, and an accuracy of 0-2 per cent. 8 
claimed for a modified Ostwald." The effect of varying factors 
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is discussed. Difficulties in absolute viscosity measurements are 
outlined by Louis and Peyrot,!”* while the former author, with 
Jordachesco,!” using a capillary viscometer under pressure, show 
the importance of considering plasticity in viscometry at low 
temperatures. Erk’’® discusses the calibration of technical 
instruments and these have also received attention from other 
investigators. Schiller'’?® and Ubbelohde’® both deal with the 
Engler viscometer, the latter author describing an enlarged jet 
(specially for viscous liquids). 

Many new viscometers have been brought forward during the 
year. A French apparatus'*'—the “ Unifie Francais ’—is similar 
to the Vogel-Ossag. Among others may be cited the Dufting visco- 
metric balance,’®.'*? in which the movement of a ball rigidly 
attached by a rod and suspended at the end of a balance arm is 
noted ; the continuous viscometer described by Miller** calibrated 
in centistokes, Redwood, Saybolt and Engler; the Steiner,)** 
which measures the time taken by an air bubble to rise through the 
oil in a closed tube; the new Tehar viscometer'**—a modified 
glass Ostwald; the Héppler universal viscometer'*’—a falling- 
sphere type in which the ball is maintained in contact with the wall 
of an inclined tube. This is reported to have the range 
0-01-500,000 cp. Ubbelohde'®* has introduced an instrument 
for which great accuracy is claimed, incorporating the principle 
of the suspended level in place of the usual lower liquid surface. 
Some patents have been taken out for viscometers, including a 
capillary instrument?*’® and one for both liquids and gases.1” 

The internal friction of miscible liquid mixtures has been 
studied by Pestemer and Birkmann!™ ; on stirring, friction increases 
to @ maximum in the region of miscibility. For emulsions, 
Richardson!*® employs a Couette type of viscometer. 

To measure the viscosity of liquids saturated with gases at high 
pressures, Sage!®? uses a modification of the instrument introduced 
by Flowers and Hersey—a ball in a closed liquid-filled tube. The 
viscosity of natural gas has been examined by Berwald and 
Johnson.1%4 

An important investigation into the plastic properties of asphaltic 
bitumen has been made by Saal and Koens,!*5:1%* using a number 
of viscometers. For non-plastic asphaltic bitumen the absolute 
viscosity increases approximately in inverse ratio to the square 
of the penetration, but with plastic bitumens, the difference in 
Viscosity under various shearing stresses may be considerable. 
Results of a series of tests on the viscosity of pitch are reported 
by Manning!” For 30°-40° C. the flow of a flat disc of material 
inder load is measured, while for 30°-80° C. a rotating cylinder 
viscometer, and above 80°C. a silica capillary tube viscometer 
20 
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are used. A consistency chart (for tars) for interconversion of 
various viscosities and softening points has been designed by 
Rhodes.'%8 Finally, Barr'®® has correlated the results of various 
tar testers. 

Bituminous MATERIALS. 

In spite of the many papers published, definite progress is less 
than would perhaps be expected, and the difficulties in dealing 
with these very complex materials are very apparent from a 
survey of the literature. The need for standard methods of test 
was strongly emphasised at the World Petroleum Congress, 
particularly for such problems as determination of paraffin wax, 
analysing tar-bitumen mixtures, testing liquid asphaltic-bitumen 
and emulsions. In regard to the first three of these questions, 
the I.P.T. has appointed sub-committees to investigate methods 
of test. Modern developments in road-making have called 
particular attention to emulsions, liquid asphaltic bitumens and 
bitumen-mineral mixtures, and in the detailed report below the 
materials will therefore be treated in that order. Since the 
examination of these products is now being approached from a 
more scientific aspect than has hitherto been the case, more rapid 
progress can be confidently expected in the future. 

Dealing first, then, with bituminous emulsions, the position 
with regard to test methods has been clarified by a considerable 
number of general papers, and an important addition to the 
rather scanty literature has been made in an authoritative book™ 
published under the auspices of the Road Emulsion and Cold 
Bituminous Roads Association. Tests and specifications are dealt 
with in detail in sections of this book and in various papers before 
the World Petroleum Congress, at which methods of test and speci- 
fications in various countries were described and compared by 
the English” and French” manufacturers’ associations and other 
individual authors. French methods are further described by 
Le Gavrian,“* Danish methods by Riis,2°* while Ohse?®® indicates 
the procedure in Germany. Kirschbraun®* discusses the signifi 
cance of tests used in U.S.A., while a comprehensive summary 
of modern methods and specifications is given by Temme.™ 
Meunier®** has also surveyed methods of test and includes a new 
method for adhesivity in which the force required to separate 4 
disc from a polished horizontal surface upon which the emulsion 
has been placed, is measured. The information in these papers, 
which cannot well be indicated in detail here, shows the need of, 
and would form an excellent basis for, discussion from an inter 
national standardisation point of view. 

Keppeler and Dohse®®*® favour a distillation with the addition of 
high-boiling paraffin and dry sodium chloride for determining 
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water, and an extraction method for estimating bitumen. The 
latter problem is also discussed by Greutert™® (who uses a mixture 
of carbon disulphide, acetone and alcohol) and in a publication 
from the Mailand Institute"° where globule size, tension between 
globules and electric charge have also been studied. Modifications 
of tests to suit emulsions with solid emulsifiers are outlined by 
Steinitz.2" 

The breakdown of emulsions has attracted much attention 
and, although no method strictly comparable with the behaviour 
of the emulsion on the road has yet been found, Weber and 
Bechler’s work**#!3 continues to arouse considerable interest, 
particularly on the Continent. Modifications suggested by 
Kell#4 are not approved by Weber™® or by Klinkmann."* The 
latter author describes a similar procedure but with certain 
important changes, e.g., estimating the loss of bitumen from 
the emulsion, omitting washing the stone, ete. Walther?!’ 
adopts the Weber and Bechler method and found no definite 
relationship between breakdown value, free alkali and pH. 
A different type of breakdown test is put forward by Vandone,”!8 
who examines the stability of a cone of aggregate coated with 
emulsion and subjected to shock, while the R.E.C.B.R.A. describes 
a test?” involving the concentration of the emulsion by evaporation 
until coagulation occurs and determining the water content at 
this point. Demulsibility is discussed by McKesson,”® including 
the Myers’ calcium chloride test and a settling test. Although 
much work remains to be done on this question of breakdown, 
asurvey of available methods suggests that some test which takes 
into consideration the nature of the aggregate and the effect of 
evaporation appears to be desirable. 

Turning next to liquid asphaltic bitumens, these have assumed 
considerable importance, and a significant contribution to the 
difficult problem of testing these materials with a view to correla- 
tion with commercial practice has been made by Kelly.“ This 
paper includes a number of specifications. Laboratory methods 
of testing these products have been further described by 
Jackson! the main tests being the kinematic viscosity on the 
B.R.T.A. instrument at 25° C. and a modification of the A.S.T.M. 
distillation test with an examination of the residue for penetration 
and melting point. These methods were approved at the World 
Petroleum Congress. The distillation and loss on heating tests 
are further discussed by Ziegs,: 23 who favours vacuum dis- 
tillation. (Westmeyer and v. Skopnik®4 comment on this latter 
paper.) As stated above, an I.P.T. sub-committee has the general 
problem under examination. 

With regard to the examination of mixtures of bitumen and 
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mineral matter, a number of articles have appeared, and two 
British Standard Specifications”>* for the components of single 
and two-coat asphalt, cold process, have been issued with full 
details of testing. Wilson®’ uses chlor-compounds as_ solvent 
and a special filter for rapid separation of the aggregate, while 
Greutert”* favours cold carbon disulphide +5 per cent. alcohol, 
recovering the bitumen by Suida’s method. The same author 
describes apparatus for obtaining flow and bending characteristics 
of these mixtures. Two tests are discussed by Herrmann” 
with a view to elucidating the effect of low temperatures on the 
mixtures or on the binder alone—first, that devised by Fraas 
and, secondly, a test in which a ball of the material is dropped 
from increasing heights until it cracks or breaks. Evans**® has 
carried further his investigation on the effect of filler on the pene- 
tration, melting point, ductility, etc. 

Examination of the fillers themselves is also important, and 
in this connection Ziegs and Nussel*' consider sieve tests quite 
inadequate for measuring particle size and surface. It is essential 
to examine the fraction passing a 200 sieve. “ A Swell Test” 
for the preferential adsorption of water by aggregate has been 
developed by Hubbard. Laboratory tests on bituminous road 
coatings are briefly discussed by v. Skopnik,** while Taylor™ 
delivered a comprehensive paper on the design and testing of 
asphaltic paving mixtures. The question of voids and their 
determination, and the examination and significance of fillers, 
are among the features of this article. A new type of stability 
apparatus is also described. 

No very satisfactory method has yet been found for measuring 
the adhesion between binder and filler. A useful contribution to 
this question, has, however, been made by Riedel and Weber,” 
who advance a method which is applicable both to hot asphaltic 
bitumen and emulsions. It is claimed that an indication of 
adhesivity is obtained by treating graded stone with the bitu- 
minous material, and then noting if the latter is removed from 
the stone by boiling with aqueous soap solution. This method 
assumes a close connection between “ wetability ’’ and adhesion, 
and it is possible that this assumption is not entirely justified. 
Saal?** has also discussed the question and uses a modification of 
Bartell and Whitney’s **’ technique for measuring adhesion-tension 
and contact angle. 

Mechanical testing as applied to the finished asphalt paving i, 
of course, of particular importance, so that some prediction can 
be made of the durability of the surface under practical conditions. 
A number of papers***-*4 on this question were presented to the 
Public Works, Roads and Transport Congress in November, 1933. 
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Tests of tension, compression, impact and stability are all described, 
specific methods being applied to the various classes of material. 
Experiments have also been carried out*** on the surfaces of sections 
to determine the resilience, the relative roughness and relative 
slipperiness. In addition, Potter®4*, in discussing the same ques- 
tion, emphasises that tests on the constituents are less satisfactory 
than an examination of the finished product based on an imitation 
of service conditions. 

Turning now to asphaltic bitumen itself, for the determination 
of paraffin wax, Thomas and Tester®*® prefer a distillation method, 
but Le Gavrian*** favours sulphuric acid treatment. To compare 
the effect of paraffin wax and other constituents on bitumens, 
Manheimer*”’ proposes to test before and after oxidation in a special 
apparatus. By precipitation methods, Maass*4* attempts to 
separate asphaltic bitumen into its main groups of constituents. 
A summary of test methods for asphalts, bitumens and pitches 
has been given by Rabaté,24° and proposed standard methods for 
asphaltic bitumen have been issued by an Italian Technical Com- 
mittee.** Ductility (Ubbelohde and Dow) is discussed by 
Rodiger,?*! while Oliensis*** has suggested a qualitative precipita- 
tion test for heterogenity using petroleum spirit. A procedure 
for elementary analysis has also been described.?* 

Tests for phenols and water soluble acids in bitumen for H.T. 
cable protection are given by Bakker,?54 while Soleri?®> includes a 
specification for this type of bitumen. Bituminous filling com- 
pounds for electrical apparatus are widely used, and they have been 
investigated on behalf of the British Electrical and Allied Industries 
Research Association by Fox and Wedmore.2°* New methods 
for flash point (in which ignition is by spark), pour point, and 
electric strength are described, while Wedmore?*’ further gives 
details of a test for adhesiveness. A device for measuring this 
property is also described by Greutert.”* 

Blends of bitumen and tar have considerable application, but 
methods for the analysis of such mixtures still require much 
investigation. Mallison®5*.25° and Le Gavrian?™ both use a solvent 
extraction followed by sulphuric acid treatment, but Nellensteyn?™ 
considers sulphonation unreliable and advocates a method based 
on the difference in critical surface tension and on the miscibility 
of the components with various liquids. The dimethyl sulphate 
test is not considered satisfactory.2 This problem, again, is 
under consideration by an I.P.T. Committee. The relation 
between the proportion of bitumen, softening point and viscosity 
has been studied by Becker.2® 

German specifications for cold tars are given by Mallison,?% 
while Wagner**® describes tests in Germany on road tars and tar 
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emulsions. The Nellensteyn micron count is dealt with by 
Nellensteyn and Kuipers,2®* Oberbach?® and Tietze,2®* while 
the determination of free carbon is also discussed by the latter 
and by Ohse.?®° Finally, a method due to Pieters” for estimating 
naphthalene in tar oil, using a special apparatus for scrubbing 
followed by the picric acid method, should be noted. 


PHYSICAL PROPERTIES. 


The physical properties of petroleum products still present an 
important field for investigation. With regard to thermal proper- 
ties, Gately?” has determined the total and specific heats of 
petroleum waxes, using Regnault’s method, while for the total 
heat of pentane and painters’ naphtha, Pattee and Brown?” use 
the continuous principle. In a discussion on the estimation of 
latent heats of vaporisation, Arnold,?”* from graphical repre- 
sentation of available data, indicates that the Dieterici equation 
is reliable to 5 per cent. Two papers have appeared*4?7> on 
thermal conductivity, in both of which new apparatus is 
described. 


Vapour pressure determinations both on pure hydrocarbons 
and on petroleum fractions have again attracted attention. For 
propane and propylene this property has been determined above 
atmospheric pressure by Francis and Robbins,?”* while for benzene 
and cyclo-hexene, Deitz?” uses a modification of Knudsen’s method. 
Asakawa?’® describes an apparatus for gasoline and heavy oils, 
and Katz and Brown?’® review, critically, methods for computing 
vapour pressures and vaporisation characteristics of petroleum 
fractions. For the static determination of vapour/liquid equilibria 
of low boiling paraffin hydrocarbons in absorber oil, Matheson 
and Cummings**® have devised an apparatus, while Sinclair 
describes a simple method, based on that of Bousfield, for accurate 
determinations of vapour pressures of solutions. 

Stott,? in an authoritative paper, deals with the fundamental 
principles of hydrometers and hydrometry. A neat instrument— 
the Angstrom Total Immersion Hydrometer—is described by 
Gaehr,?** in which the current, through a solenoid, sufficient to 
pull a special hydrometer down to a definite level is measured. 

Optical methods have aroused some interest; for example, 
Schwarz?*4 uses the microscope for determining refractive index 
and melting-point, and also for studying structure (e.g., of wax 
or bitumen) by etching with suitable solvents. According to 
Gladden,2** refractive index of a liquid can be simply measured, 
using a watch-glass to give the liquid the form of a plano-convex 
lens. 
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Colour intensities of liquid petroleum products have been 
measured using a photo-chemical cell.?%¢ 

Finally, André**’ analyses fats and mixtures of hydrocarbons of 
high molecular weight by fractional diffusion in a special apparatus. 

LABORATORY DISTILLATION. 

General work on fractionation still progresses, and Podbielniak 
has continued his descriptions of apparatus and methods for 
precise fractional distillation, including laboratory columns, 
apparatus for high temperature fractionation,?** and low tempera- 
ture fractional distillation analysis of gases and volatile liquids.?*® 
The same author has patented a further process for fractional 
distillation 2 

A laboratory comparison of steam and hydrocarbon gas as 
distillation media in the petroleum industry has been carried out 
by Allen and Gardner?” 

Doran*™ describes a laboratory esterifying and fractionation 
apparatus designed to duplicate plant conditions. Still-heads 
are described by Rothmann?® and by Wagner and Simons.?*4 
Further developments have been made in the use of the cathode 
vacuum in the distillation of mineral oils.2°° A micro fractionating 
column of the Vigreux type, designed for the analysis of butenes, 
is suitable for liquids of low heats of vaporisation.2®* In an 
investigation on the vapour/liquid equilibria of hydrocarbon 
mixtures, Bromley and Quiggle?” using an Othmer still and 
measuring densities and refractive indices, found that n-heptane- 
toluene and toluene-n-octane are suitable mixtures for determining 
the efficiencies of fractionating columns. Cornell and Montonna?®* 
have studied the same problem for ethanol-water and methanol- 
water by the method of Rosanoff, Bacon and White. 


CHEMICAL TEsTs. 

There are a few chemical tests of general interest which should 
be recorded. Bailey,?®® for example, in the combustion analysis 
of liquids, introduces the latter into the tube directly from a 
pipette on to the copper oxide. For halogens in organic compounds, 
Cook*”’ discusses the Stepanow and modified Drogin and Rosanoff 
methods, while Grote and Krekeler® use the same apparatus and 
procedure as in their sulphur method previously mentioned, but 
absorbing in alkaline sodium sulphite in place of hydrogen peroxide. 
Keffler and Maiden*' give details for improving the accuracy of 
the Wijs method for iodine values. For the detection and esti- 
mation of various alcohols and aldehydes in solvents, Craven®” 
describes the use of Agulhon’s reagent (potassium dichromate in 
nitric acid). 
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GEO-CHEMICAL. 

There have been several geo-chemical papers of interest. In 
connection with oil-field water analysis, Macfadyen*®* has worked 
out simple, rapid, and in his opinion, sufficiently accurate methods 
which can be used with a minimum of equipment. Chloride, 
sulphate, lime and ferrous iron were estimated together with 
hydrogen ion concentration and a qualitative test (sodium 
nitroprusside) for alkaline polysulphides. All the quantitative 
methods were volumetric, the sulphate, however, being estimated 
by trial and error. Owing to inaccuracies in the mixed chloride or 
sulphate method for sodium in oilfield waters, Radjy and Wood™ 
have examined the conditions under which potassium dihydroxy- 
tartrate can be used for precipitating the sodium salt. The 
precipitate is oxidised by permanganate (using vanadium pentoxide 
as catalyst) and the excess permanganate titrated in the usual way. 
Corps*® indicates a pictorial method for recording water analyses— 
a modification of the Parker and Southwell method, substituting 
circles for rectangles. In a survey of physical tests on oil and gas 
sands, Fancher, Lewis and Barnes** discuss petrographic examina- 
tion, screen analysis, porosity and permeability tests, together 
with their significance. 


MISCELLANEOUS. 


In this concluding section a brief survey will be given of those 
papers which do not come under previous headings. For example, 
the analysis of sulphonated oils has applications in connection 
with soluble oils, spraying oils, etc. Various authors®”’.*® discuss 
the determination of ‘‘ SO,” while the estimation of fatty alcohols 
by the Wizoeff method is described in a number of papers,*°*" 
including the Standard German Methods. 

Colour reactions are used by Weber*!? to detect chlorinated 
aliphatic hydrocarbons in petrol and benzol. 

Methods for full analysis of complex mixtures of hydrocarbons, 
phenols and organic bases (carbolineum) used for wood impregna- 
tion, are given by Deshusses.*!* 

According to the annual report of the Fuel Research Board,*"* 
chromium-plated bombs compare favourably with stainless steel 
for calorific values, while the effect on ‘‘n” in the Regnault- 
Pfaundler formula of varying the materials of the bomb and the 
procedure were also studied. The Griffen-Sutton bomb*!® has the 
useful feature that it can be closed by hand. Calculations of 
calorific values of fuels from elementary analyses are discussed by 
Grumell and Davies*** and by Vondracek.*”” 

In the form of pastes with solvents, waxes lower the rate of 
evaporation of the former, the rate depending on the wax. This 
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effect, known as the retention effect, has been found useful for the 
analysis of ceresin and refined ozokerite.*"® 

A review of available methods for computing densities of hydro- 
earbon liquids and vapour is given by Thiele and Kay.*® 

A rapid method for determining moisture*° depends on the rise 
in pressure in a special apparatus due to acetylene generated from 
calcium carbide. Magnesium perchlorate, among other compounds, 
has been suggested as a convenient drying agent.* 

Thermostatic devices for controlling temperature (in the 
laboratory) over the range —200°C. to 1100°C. are described 
by Cooke and Swallow*” together with the methods of measurement. 
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Chemistry of Petroleum. 
By G. R. Nixon, A.R.C.Sce., B.Sc. (Member). 
I. (A) CrupE PETROLEUM. 

Dvurine the year 1933, the subject of crude petroleum has 
received only moderate attention. Kelly’ discusses the origin 
and environment of petroleum source sediments, and concludes 
that these sediments may be derived from accumulation of organic 
debris, fine sediments and dissolved salts in deep enclosed sea. 
floor basins near land, desiccation accumulation of algz in present 
lagoonal and fresh waters and accumulation in bottom water, 
which, through geosynclinal changes receive no oxygen. Hydro. 
carbons are formed later in the history of the sediments, probably 
being liberated by geothermal rise of temperature. 

Sachanen and Wirabianz? have attempted to give a picture of 
the group composition of petroleum. A number of Russian crude 
oils were distilled into fractions which were tested for specific 
gravity, refractive index, C.8.T. with aniline, mol. wt., viscosity 
and bromine number. They divide petroleums into six main 
classes, paraffin-base, completely naphthenic, paraffin-naphthene 
base, naphthene-aromatic-paraffin type, naphthene-aromatic, and 
completely aromatic as a result of an examination of their data. 

Berl? has continued his researches on the vegetable origin of 
petroleum, and has obtained liquids of petroleum-like character 
by hydrogenating or cracking the solid reaction product from the 
treatment of cotton wool with normal caustic soda at 310°-330° C. 
and 180-200 atmospheres. 

The late E. W. Washburn‘ summarised the Bureau of Standards 
investigations on the fractionation of Oklahoma crude petroleum, 
and the resolving of the individual fractions by distillation, crys- 
tallisation, extraction or chemical treatment into either pure 
hydrocarbons, azeotropic mixtures or constant boiling mixtures. 

According to Seyer® there is abundant evidence to show that: 
(i.) by heat treatment alone fatty and waxy substances can be 
converted into petroleum hydrocarbons, and (ii.) the formation of 
petroleum can be more satisfactorily explained as a low temperature 
high pressure cracking process rather than a high temperature 
distillation process as suggested by Engler. 

The composition of the 150°-240° C. fraction of Ural petroleum 
(Perm) has been investigated by Zelinsky. The fraction was 
freed from sulphur by shaking with mercury salts, then distilled 
over copper into 6 fractions. The latter were treated with sulphuric 
acid to remove aromatics, which varied from 72-1 per cent. by 
weight to 47-9 per cent. from the first to the sixth fraction. The 
aromatic free fractions were analysed for hydro-aromatics by 
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catalytic dehydrogenation. The aromatics thus produced varied 
irregularly through the series. Removal of these aromatics gave 
residual fractions consisting of paraffins and naphthenes which 
were estimated by C. 8. T. in aniline and elementary analysis. 

Kobayashi’ has reported further experiments on the general 
constituents of Japanese petroleums. Fractions boiling between 
200° C./760 mm. and 250°C./5 mm. were freed from aromatics 
and unsaturates, and according to specific gravity and refractive 
index data were found to contain the following compounds, C, »H 5», 
CysHo4, CipH g2, CigH os, Cy Hyp and CygH 5g. 


(B) GASOLINE. 

A new method has been proposed by Minter® for determining 
the paraffin and naphthene content of straight-run gasolines. It 
is assumed that the 50 per cent. boiling point on the A.S.T.M. 
distillation curve is the mean boiling point of the gasoline freed 
from aromatics and unsaturates, as well as the mean boiling point 
of the paraffins and of the naphthenes composing this gasoline, 
and an expression is derived equating the fractional percentages 
of paraffins and naphthenes to the densities of the pure paraffin 
and naphthene corresponding to this 50 per cent. boiling point. 
The author® has more recently obtained mathematical expressions 
to determine the complete hydrocarbon analysis of a light distillate. 

With regard to gum-forming constituents in cracked gasoline, 
Martin, Gruse and Lowy’ suggest that gum formation is due 
directly or indirectly to specific compounds, probably conjugated 
diolefines. Flood, Hladky and Edgar," in order to determine the 
origin of gum, added individual olefines to straight-run gasolines, 
and subjected the mixtures to storage and gum stability tests. 
They found that the greatest gum formation was obtained in 
mixtures containing aliphatic or cyclic diolefines or mono-olefines 
attached to a benzene ring. Large concentrations of aliphatic 
mono-olefines also formed appreciable quantities of gum. They 
also considered gum formation to be almost invariably associated 
with oxidation. Vellinger and Radulesco™ have studied the 
artificial ageing of cracked gasoline by exposure to the light of the 
mercury vapour lamp. Absorption of oxygen took place and was 
proportional to the amount of gum formed. The complex nature 
of the colour of gasoline is discussed in a general way by Trusty." 


(C) Gas Om. 

The tar obtained in enriching water gas with bunker oil has been 
examined by Griffin! The distillate fraction of this tar, which 
a specific gravity less than unity, was freed from acids and 
bases and fractionated three times. Indications were obtained 
21 
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of the presence of toluene, xylenes, mesitylene, pseudocumene, 
hemimellitene, naphthalene, anthracene and phenanthrene. Sini- 
larly, the heavier distillates contained naphthalene, anthracene 
and phenanthrene derivatives. Griffith and Hollings'® have 
separated the paraffinic and naphthenic components of the gas oil 
fractions of a number of crude oils. The aniline point-boiling point 
curves for these component types and their mutual effect on the 
aniline point of each other were determined. It was found that 
the previous assumption of a lowering of 0-4° C. for 1 per cent. 
naphthene is perfectly satisfactory. Similar curves for crude oils 
are suggested as a criterion of their previous treatment ; those 
which have suffered partial cracking give curves, while those which 
are uncracked give straight lines. 


(D) Lusricatrne Om. 


A number of Pennsylvanian oils have been submitted to high 
vacuum distillation by Fenske* Fractions having a distillation 
range, by the Engler vacuum distillation method, of less than 
10° C. have been produced, and it was shown that these fractions 
have a very uniform and regular variation in properties as the 
boiling point increased. Bowen" has observed that in the presence 
of ultra violet light a dark-reverted oil from Burmah (Indaw) 
crude was at first bleached to some extent, but after prolonged 
exposure sunlight reversion took place. 

The dielectric losses of insulating oils at frequencies of 10’ to 
10° Hertz have been studied by Beck1* There was no connection 
between these losses and the purification of the oil or its low 
frequency breakdown characteristics. They were ascribed solely 
to molecular dipoles. The late E. W. Washburn!® describes briefly 
the A.P.I. research programme for the isolation of the hydrocarbons 
in lubricating oils. 


(E) ASPHALT. 


Nellensteyn and Roodenburg” have applied Antonow’s law to 
the systems asphaltic bitumen-water and tar-water, and by its 
means have calculated the border angle of a drop of water falling 
on a bitumen for temperatures up to 100°C. The viscosities o 
the common types of asphaltic bitumen have been determined 
by Saal and Koens” chiefly below the softening point and at about 
200 penetration. This work disclosed that asphaltic bitumen may 
be plastic, elastic or thixotropic. Roughly, the flatter the viscosity 
curve the more plastic was the asphaltic bitumen. The degree 
of plasticity of a bitumen containing a certain percentage of 
asphaltenes was primarily governed by the nature of the malthenes 
in that bitumen, and though the kind of asphaltenes appeared t0 
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be of secondary importance three types of malthenes were recog- 
nised :— 
(a) Those which yield non-plastic or practically non-plastic 
asphaltic bitumens ; 
(6) Those which yield asphaltic bitumens with a certain degree 
of plasticity ; 
(c) Malthenes ex typical blown bitumens which yield very 
plastic asphaltic bitumens. 


The influence of pressure was far greater upon asphaltic bitumens 
than lubricating oils—e.g., under 100 atmospheres the viscosity 
of a. non-plastic soft asphaltic bitumen at 35°C. increased to 
2} times its original value. 

Kogerman™ has analysed specimens of solid bitumen from 
Estonian limestone and Estonian shale, and has established they 
belong to the asphaltite group. It is assumed that the asphaltites 
have been formed in situ from organic sediments by biochemical 
changes in parallel to the shale formation. 


II. HyDROCARBONS. 


Work continues at the Bureau of Standards on the separation 
of pure hydrocarbons from light distillates from an Oklahoma 
crude and 1:1 dimethyleyclopentane,? 2-methylhexane,* 2- 
methylheptane** and ethylbenzene®® have been isolated and 
examined. Mizuta?® has isolated benzene from Shukuko gasoline. 
Adamantane, a new petroleum hydrocarbon, has been separated 
by Landa and Machacek” from Hodonin and Gbely petroleum by 
cooling an aromatic fraction b.p. 190°-195° to -80° when a crys- 
talline precipitate of the hydrocarbon was obtained. Adamantane, 
CypH,, m.p. 268° is unaffected by X-rays, chromic acid, nitric acid 
and alkaline permanganate ; it has a terpenic odour and has been 
assigned a dicyclic bridged structure. The number of structurally 
isomeric hydrocarbons of the ethylene?* and acetylene series,?® 
as well as the number of stereoisomeric and non-stereoisomeric 
alkines® have now been calculated with the aid of finite recursion 
formule. 

The year 1933 has been noteworthy for the considerable work 
carried out by F. C. Whitmore and his collaborators on the neopentyl 
system and associated structures. The preparation and properties 
of the following hydrocarbons have been recorded: 2-2-3 and 
2-3-3 trimethyl pentane,*! hexamethylethane,®* tetramethyl- 
methane,** dimethylpentenes ,***5 trimethylethylene®* and _tetra- 
methylethylene ;*7 various methods for the production of olefines 
by dehydration of alcohols have also beenexamined. Three methods 
for the preparation of the higher paraflin hydrocarbons are given 
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by Carey and Smith**; (i) zinc dust is slowly added to the iodide 
in acetic acid solution, the liquid is then decanted from the zine 
dust and the hydrocarbon precipitated by ice water ; (ii) the iodide 
is refluxed with alcohol and zinc-copper couple; (iii) the third 
method is by reducing the iodide with activated palladium-calcium 
carbonate catalyst and hydrogen in the presence of KOH and 
propyl alcohol. A number of isoparaffins of high molecular weight 
have been synthesised in the period under review. Landa and 
his co-workers have prepared y-ethyloctadecane,®® 6-n-propyl- 
nonadecane” and e-n-butyleicosane,” while Suida and Planckh® 
have prepared hentriacontane and its 7 normal, methyl ethyl, 
butyl and cetyl derivatives and determined their refraction 
constants: Lerer® has prepared dimethyl-tetrahexyl-docosane 
(C,,H,,), which is a liquid having an absolute viscosity of 1-1 
poises at 25°C. The production of n-heptane and //5-trimethyl- 
pentane has been examined by Petrov, Andreev and Chapluigin® 
—only a low yield of heptane can be obtained from heptaldehyde 
while its separation from Grozny gasoline is impracticable. 
668-Trimethylpentane can be obtained by hydrogenation at 
20 atmospheres of di-isobutene prepared by polymerising the 
isobutene fraction from cracked gas, trimethyl carbinol or isobutyl 
alcohol. 

Seventeen of the 27 possible heptenes have been prepared 
by the bromo-ether synthesis of Boord** and his co-workers. 
Schurman and Boord*® have also synthesised and examined two 
known and four new hexenes, which completes the survey of the 
13 isomeric hexenes. Other unsaturated hydrocarbons prepared 
during this period are: 1-butene*® and isobutene*® prepared by 
passing the appropriate alcohol over alumina at 375°-475°, 1-3 cyclo- 
hexadiene,*” £8-dimethyl Aay-pentadiene,*® af-dimethyl Aaye- 
hexatriene,*® pure n-A*-hexene,®’ pure n-A*-heptene, 5-methyl 
A*’.pentene® and 5-methyl A*-pentene.* 

In the field of aromatic chemistry Natelson® describes improved 
methods for the preparation of ethylbenzene from ethylene and 
benzene as a step in the production of styrene and its resins. The 
addition of styrene to benzene in the presence of sulphuric acid 
has been studied by Spilker and Schade,** who in this way have 
prepared several phenylated ethanes. 1-Methyl and 1, 7 dimethyl 
4-isopropylnaphthalene have been described by Rapson and Short.® 
Cook and his co-workers***? have carried further their valuable 
researches on cancer-producing hydrocarbons—1-2 benzpyrene and 
1-2 benzanthracene, isolated from coal tar, were found to be parent 
substances of a group of carcinogenic hydrocarbons. 1-256 
dibenzanthracene has a cancer-producing action, retains its activity 
when highly purified, and is active in nine different media, producing 
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cancer of the kin when applied in a concentration of 0-003 per cent. 
in benzene. There is evidence that a molecular structure consisting 
of new rings attached to 1 : 2 and 5: 6 positions of the anthracene 
ring is particularly effective in promoting carcinogenic activity. 

New hydrocarbons of the cyclopentane series n.hexyl and 
n.octyl,-cyclopentane have been prepared by Zelinski,®* who has 
shown that they not dehydrogenated in the presence of platinum 
black at 300°. The preparation and properties of the stereo- 
isomeric 1 : 2 diethyleyclopentanes and 1 : 2 dimethyleyclohexanes 
are described by Chiurdoglu®® and Miller® respectively. 

The dielectric constants of benzene, toluene, propane and 
propylene in the vapour state have been measured by McAlpine 
and Smyth,“ from which their polarisations and electric moments 
were calculated. Benzene and propane showed no change in 
polarisation with rise of temperature and toluene and propylene 
had very small electric moments. The vibration spectra of the 
paraffins have been discussed by Kohlrausch and Barnes, who 
indicate that this series can be defined by a constant quantity 
W defined by w*=*w,?/(n-1), where n is the number of atoms 
in the chain and w is the frequency of the simple valency vibrations ; 
for the paraffins W? is 98-4. Lambert and Lecomte®™ have examined 
the infra red absorption spectra of 16 aliphatic and 40 aromatic 
hydrocarbons, while Aubert and Gheorghiu®* have studied the 
absorption in the ultra violet of certain aromatic hydrocarbons. 
The levorotatory nature of 1-af dimethyldecane and 1-f-isopropyl 
pentane has been demonstrated by Levene® in his studies on the 
configurative relationship of hydrocarbons. Withrow and 
Rassweiler®* have photographed absorption spectra of the gases 
in an I.C. engine running under various conditions with different 
fuels. The photographs show that chemical changes occur in the 
fuel-air mixture prior to firing. These changes are greater in 
degree or different in nature in knocking than in non-knocking 
combustion. This evidence supports the theory that knock is 
due to spontaneous ignition ahead of the normal flame fronts. 


The vapour pressures of benzene and cyclohexene have been 
measured in the crystalline state at various temperatures by a 
modified Knudsen method,® while the vapour pressures of propane 
and propylene over the ranges 27°-64° and 29°-46°, respectively, 
have been determined by Francis and Robbins.** Convenient 
methods are given by Kassell®® for the calculation of free energies 
and entropies from spectrographic data for polyatomic molecules, 
examples being worked for methane, ethylene and acetylene : 
Banse and Parks” have determined the heats of combustion of 
Yhydrocarbons. Muller” has made X-ray photographic measure- 
ments of the lattice dimensions of 15 n paraffins ranging from 
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C,,H 5, to C,,Hg at temperatures between 20° and the m.p. They 
tend to become hexagonal at the m.p. and in the range of C,, to 
Cy, this state is reached. C,, and C,, show a continuous change 
of the a and b axis with rise of temperature up to the m.p. C,, to 
C;,; C3, and C,, show abrupt transitions between room tempera- 
ture and m.p. According to Yannaquis™ paraffins crystallise in 
two forms, one of which is only stable a few degrees below the 
m.p.—he has devised a method of determining the transition points 
involving heating the paraffin electrically in the stage of a polarising 
microscope—the method has also been applied to paraffin waxes. 
The polymorphism of octadecane and the system heptadecyl 
alcohol-heptadecane have been studied by Carey and Smith.” 
According to Haas’‘ a mixture of paraffin wax (mol. wt. 313) and 
palmitic acid gives a unimolecular film on water even when 66 per 
cent. of paraffin is present. 

The viscosities of mesitylene and 2-2-3 trimethylbutane’® have 
been determined at temperatures above and below their boiling 
point. The calculated collision areas agree with those obtained 
shadow graphically from space models. The reactivity of aliphatic 
and alicyclic hydrocarbons towards antimony pentachloride has 
been studied by Schaarschmidt and Marder.”* This reagent in 
homogeneous solution reacts with hydrocarbons containing 4 
tertiary hydrogen atom after a short period, whereas a hydrogen 
atom in a primary or secondary position in normal or quaternary 
hydrocarbon is attacked only at higher temperature. The presence 
of 0-1 per cent. of the more reactive hydrocarbons can be detected 
in this way. According to Nametkin and Abakumovskaja” the 
hydrocarbon layer (37 per cent.) recovered after treating cyclo- 
hexene with conc. sulphuric acid at 2°-5° consists of : (a) C,,Hy 
b.p. 216°-19°/736 mm. saturated ; (6) C,,H,, b.p. 145°-47°/2 mm. 
saturated; and (c) C,,Hy, a very viscous liquid bp. 
200°-203°/2 mm. containing one double bond. 

The action of the silent discharge on ethylene has been studied 
by Szukiewicz’* and Stratta and Vernazza.?® The former found 
that up to 95 per cent. of ethylene was converted into acetylene 
erythrene, diacetylene, ete.—the yield of products of higher 
molecular weight increased with the density of the charge, also 
the reaction of production of acetylene was reversible. The latter 
showed that the formation of acetylenic hydrocarbons from ethylene 
decreased rapidly with time owing to diminution in concentration 
of the ethylene and a secondary condensation of the acetylene. 
The hydrogen liberated during the formation of a hydrocarbon 
with a triple linking is fixed immediately at a double linking of the 
ethylene with formation of paraffins. 

The chlorination of methane under the influence of mercury at 








They 
Yo, to 
hange 
> 94 to 
:pera- 
ise in 
Ww the 
points 
rising 
yaXes, 
decy! 
ith.” 
}) and 
16 per 


have 
oiling 
ained 
ohatic 
e has 
ont in 
ing 4 
rogen 
nary 
agence 
tected 
7 the 


ration 
ylene 
arbon 
of the 


ry are 











CHEMISTRY OF PETROLEUM. 491 


radiation has been studied by Padovani and Magaldi,® while the 
chlorination of normal and isopentane, n-hexane and n-heptane, 
cyclohexane and petroleum fractions of b.p. 30°/50°, 50°/60° and 
60°/70° has been investigated by Wertyporoch and Kwasniewski.*! 

The analysis of propylene and propane in their mixtures using 
aqueous bromine-iodine solutions has been reported by Roginski 
and Rathmann,® while a diffusion method of analysing mixtures 
of paraffin hydrocarbon gases has been developed by Baxter and 
Beckham.** The preparation of benzoyl hydrogen peroxide and 
its use for investigating the structure of olefines that occur in 
petroleum have been described by Brooks.** 


III. PoLyMERISATION. 


Peters and Naumann® have continued their work on the forma- 
tion of liquid hydrocarbons from acetylene—coke oven gas sub- 
mitted to the electric discharge was converted to a gas containing 
70 per cent. acetylene, which, under suitable conditions in contact 
with an iron-nickel catalyst yielded 52-6 per cent. liquid polymerisa- 
tion products boiling under 150°C. consisting solely of aromatic 
and olefinic hydrocarbons. Egloff and Schaad** found that the 
polymerisation of ethylene began between 325° and 340° in the 
presence or absence of alumina under 50 atmospheres initial 
pressure in a stationary autoclave. With 2-3 hrs. further heating 
at 380° a yield of 63-73 per cent. oil was obtained. A temperature 
of 430° was required to give the same result if the gas was passed 
through continuously. The gaseous products formed contained 
methane—pentane, propylene isobutene and butadiene. The 
35°/210° fraction of the liquid polymers contained paraffins and 
olefins. The catalytic polymerisation of propylene has been studied 
thoroughly by Gayer,*’ alumina on silica was the best catalyst, 
and a trace of hydrogen chloride in the propylene preserved its 
catalytic activity. 80 per cent. by weight liquid polymers were 
obtained, sp. gr. 0-7, n¥? 1-405-1-410 bromine number 150/55, 
which on steam distillation yielded 90 per cent. as a colourless, 
practically gum-free motor fuel of 87 octane number (C. F. R. 
Research). The role of aluminium chloride in the polymerisation 
of unsaturated hydrocarbons is discussed by Hunter and Yohe,*® 
while boron trifluoride is discussed by Hofmann®® in a similar way. 
lespieau and Urion® have described divinylacetylene and 1-6 
dimethyl. 1-3-5 hexatriene, and the readiness with which they 
polymerise to colloidal masses, while Barrett and Burrage® have 
studied the conditions of formation of monomeric and dimeric 
cyclopentadiene. 

Polymerisation of hydrocarbons by the electric discharge has 
been studied by St. Aunay,® hydrocarbons were submitted to a 














492 PROGRESS OF NAPHTHOLOGY, 1933. 








































high frequency silent electric discharge so that the primary products 
were rapidly removed and condensed. Three main types of reaction 
were observed : (a) polymerisation due to activation of the C.H. 
linking ; (6) dehydrogenation due to a greater degree of activation 
of this linking, which becomes more important the more saturated 
is the initial hydrocarbon ; and (c) the rupture of C.C. linkings and 
subs«quent union of the radicals to more complex compounds. 

Thomas and Carmody® have continued their work on the 
polymerisation of isoprene in the presence of aluminium chloride. 
Pure isoprene acts slowly, but the reaction is accelerated by addition 
of hydrogen chloride or pentene—2.—an aluminium chloride complex 
of isoprene hydrochloride, soluble in isoprene, is formed. The 
more of the aluminium chloride brought into solution, the larger 
the proportion of soluble polymer and the less insoluble polymer is 
produced. These two polymers have the same elementary composi- 
tion by differing in molecular weight. The homogeneous thermal 
polymerisation of isoprene has been studied by Vaughan.** 

The conversion of an ethylenic gas to synthetic lubricating oils 
in the presence of aluminium chloride has been investigated by 
Petrov. Antzuz and Pozhiltzeva®*—the synthetic oils obtained at 
low reaction temperatures contained appreciable amounts of 
hexaethylbenzene. According to Hugel and Kohn** hexadecene 
is polymerised at 300°/400° at very high pressures to the dimeric 
and trimeric forms. 

IV. OxIDATION. 

The study of oxidation phenomena continues to attract attention. 
Faith, Swann and Keyes®** have examined the catalytic vapour- 
phase oxidation of yy-dimethyl and yy-diethyl n-pentanes with air 
and copper, V,O;,and CeO, under a variety of conditions—these 
hydrocarbons gave CO,, CO, water, and traces of aldehydes and 
olefines. The catalytic oxidation of ethylbenzene in the liquid- 
phase is reported by Senseman and Stubbs,” using MnO, and air 
at 120°—this hydrocarbon yielded 12-8 per cent. phenylmethyl 
carbinol, 26 per cent. phenyl methyl ketone, 36 per cent. benzyl 
alcohol, formaldehyde, water and CO,. The extent of complete 
oxidation as measured by CO, production has been determined for 
several hydrocarbons by Charlot®* using MgO, NiO, MoO, and 
WO, as catalysts. Vanadium pentoxide has been used as 4 
catalyst by Salkind and Zolotarev®® in the oxidation of benzene to 
maleic acid, and by Buylla and Pertierra!” to obtain phthalic 
anhydride from naphthalene and o dimethyl-naphthalene. The 
anodic oxidation of benzene in acetic acid solution using a Ni, 
Pt, Cu or Fe anode yields an equilibrium mixture of phenol and 
oxidation products.” while using N-H,SO, and a Pb-anode the 
products include pyrocatechol, p benzoquinone, maleic acid, ete. 
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—the anodic oxidation of cyclohexane in 2N—-H,SO,, and acetone 
gave adipic, succinic and malonic acids. The direct oxidation 
of acetylene by air has been described by Mondain-Monval and 
Wellard,! while the incomplete oxidation of methane with oxygen 
and air has been studied by Padovani and Franchetti,* in relation 
to the production of a carbon monoxide-hydrogen mixture for the 
synthesis of gasoline. 


According to Pflugk,!°5 the optimum temperature for the oxida- 
tion of paraffin to fatty acids with air is 160°. An increase in the 
velocity of air increases the yield of acids to a defined limit and a 
low moisture content is advantageous. Hydrogen peroxide, per 
acids and peroxides were detected in the reaction product. The 
oxidation of paraffin and ceresin by air at temperatures up 
to 140° has been studied by St. Reiner,’ the reaction being 
followed by determination of the acid number. 


Problems of auto-oxidation have been the subject of a number 
of investigations during 1933. Stephens!” discusses the initial 
act of auto-oxidation—whether the isolable peroxide is actually 
the primary addition product or whether there is a more active 
and unstable substance primarily formed and subsequently con- 
verted to the isolable compound. The author prefers the vibra- 
tional activation theory to the exposed electron theory, and deals 
with the application of the former to ethenoid compounds, ethers, 
aldehydes and saturated hydrocarbons. According to Estradere!* 
active oxidation starts at about 330°, 340° and 410° for hexane, 
cyclohexane and cyclohexene respectively, with appreciable 
formation of CO,—peroxides are also formed but disappear at 
slightly higher temperatures. Tetralin peroxide has been the 
subject of communications by Hartmann and Seiberth,® and 
Hock and Susemihl"°—the former has shown that tetralin and air 
at room temperature of 70°-80°, with or without a catalyst, gives 
gradually the peroxide, while the latter investigators have obtained 
it by passing air through tetralin at about 75° and removing the 
excess tetralin under reduced pressure; they also state catalysts 
and light have little effect on the oxidation. Kohler and Nygaard! 
have studied the autoxidation of aa-diphenyl-$-hydroxylbenzy] 
ethylene oxide to a peroxide which consists of, first, a cleavage 
to benzaldehyde and diphenylethylene oxide, then autoxidation 
of the benzaldehyde, and finally synthesis of the peroxide from 
the auto-oxidised benzaldehyde and diphenyl ethylene oxide. 
The oxidation of liquid paraffin has been studied by Yamada)” 
who shows that it is of the nature of peroxidation—the determina- 
tion of the peroxide value was made by Wheeler’s method replacing 
the acetic acid with ethyl alcohol. 
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Newitt and Szego™* have studied the slow oxidation of toluene 
and find that at high pressures 60 per cent. is oxidised to hydroxy. 
lated compounds, mainly benzal alcohol with small quantities of 
benzaldehyde, benzoic acid and 2-4 dihydroxy-toluene—lw 
pressure oxidation gives benzaldehyde, benzoic acid and anthra- 
quinone. 

V. HyDROGENATION. 


An excellent survey of the mechanism of catalytic hydrogenation 
of multiple carbon bonds has been given by Schmidtj"4 who recog. 
nises two classes of active elements. The first class contains the 
alkalies and alkaline earths, whose catalytic activity is small due 
to hydride formation. The second class consists of divalent 
elements which do not form solid hydrides but solutions of hydrogen 
which contain positive ions. In catalytic hydrogenation the ions 
are the real catalysts, so that with the second class of elements 
there is a large work function and a strong field of metallic ions, 
and the hydrogen is ionised to form positively charged ions, the 
energy of which is greater than that of atomic hydrogen. The 
process of hydrogenation takes place at active parts of the catalyst, 
so called “ loose places ” of the metal crystal or of metallic hydrides 
in which ions are loosely bound. A general survey of hydrogena- 
tion has also been given by Audibert.™5 

The hydrogenation of the aromatic hydrocarbons benzene, 
toluene, xylene and naphthalene has been studied by Ipatiev,”* 
using molybdenum, nickel, copper and iron oxide catalysts at 
about 450° and 65-100 atmospheres hydrogen pressure. The 
monocyclic aromatics could not be hydrogenated with Mo or 
Mo-Al catalysts and xylene gave benzene and toluene. At 450° 
naphthalene gave tetralin, but above this temperature decomposi- 
tion into benzene, toluene and naphthenes occurred. Popov” 
states that naphthalene undergoes hydrogenation in the presence 
of nickel at 180°-200° and 200 atmospheres, the hydrocarbon 
being first purified by treatment with 1 per cent. sodium. Hall" 
has hydrogenated naphthalene (to tetralin) at 350° C. with 7 per 
cent. hydrogen at 100 atmospheres, using as catalyst activated 
charcoal impregnated with ammonium molybdate. Raising the 
temperature above 400° C. results in cracking the tetralin formed. 
Experiments on the catalytic high pressure hydrogenation of 
metitylene and hexamethylbenzene and the catalytic high pressure 
destruction of the corresponding hydrogenated products using 
nickel as catalyst have been described by Dros, Tulleners and 
Waterman.“® The poisoning of a nickel catalyst by thiophene 
in the hydrogenation of benzene to cyclohexane has been shown by 
Roberti! to be a function of the partial pressure of the thiophene 
in the gaseous phase, and within certain limits is independent of 
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the amount of thiophene passed over the catalyst. Purdum and 
Pease”! have determined the equilibrium concentrations in the 
system cyclohexane-benzene-hydrogen between 250° and 275° C. 
—the amended Parks-Huffmann free energy equation for this 
reaction was AF°=— -43,800+-18-2 TlnT—0-008T?-31-0T. 

The “ hydrogenolysis ” of alcohols to hydrocarbons has been 
studied by Wojcik and Adkins)” n-dodecyl, n-tetradecyl, 
n-octadecyl and y cyclohexylpropyl alcohols, were converted by 
hydrogen (100-200 atmosphere) at 250° over a nickel catalyst 
into n-undecane, n-tridecane, n-heptadecane and ethylcyclohexane 
respectively—cyclohexanol and octan-f-ol gave cyclohexane and 
n-octane, while d2cane-ax-diol and octadecane-ay-diol gave 
n-octane and n-heptadecane. Ando! describes the catalytic 
hydrogenation of phenol under high pressure using reduced nickel, 
and gives the conditions under which the intermediate products 
cyclohexanone, cyclohexanol and cyclohexene are formed. The 
hydrogenation of phenol has also been studied by Ipatiev.“¢ 
Phenol, the cresols, dioxybenzole, a and # naphthol, and tar 
phenols have been reduced with hydrogen by Bahr and Petrick,!*4 
using a molybdenum catalyst to neutral oils very rich in aromatic 
hydrocarbons. The hydrogenation-cracking of the naphthols has 
been described by Hall.!*5 


Szayna”* has submitted paraffin, naphthene and aromatic 
hydrocarbons and lubricating oils to destructive hydrogenation, 
using nickel and other catalysts, and found that paraffins were 
decomposed most easily and aromatics were most difficult. The 
principal products from the hydrogenation of naphthenes were 
those with a smaller number of carbon atoms. According to 
Waterman and Vlodrop,”’ the hydrogenation of unsaturated 
hydrocarbons without catalysts does not occur at 360° though 
some polymerisation may take place. 

The preparation of an iron catalyst for the hydrogenation of 
carbon monoxide at ordinary pressure is described by Decarriére 
and Antheaume.® The use of a Ni+10 per cent. Al catalyst is 
advocated by Fujimoto,® for the methane-water reaction, while 
Koch and Kiister™® recommend the Fischer Tropsch nickel and 
cobalt catalysts for the reduction of carbon dioxide to methane 
by hydrogen. 

VI. CRACKING AND PYROLYSIS. 

Wilson™ has applied his ingenious mathematical treatment to 
the chemical equilibrium in vapours of mixtures containing 
naphthenes as well as paraffins and unsaturated hydrocarbons. 
With liquid and vapour both present the naphthene fraction 
increases with rise of temperature, but falls with the pressure—when 
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vapour only is present it falls with temperature but rises with the 
pressure. The variation of the benzene fraction with temperature 
and pressure is also analysed. Groll'® has investigated the pyro- 
genetic conversion of gaseous and liquid hydrocarbons into aro. 
matics, as well as the vapour-phase cracking of gas oil at atmo. 
spheric pressure over a wide range of temperatures and rates of 
throughput. Propylene, of the gaseous hydrocarbons, gives the 
highest yield of aromatics. Striking regularities were found in the 
pyrolysis of all hydrocarbons which were considered to indicate 
that the mechanism of formation of aromatic hydrocarbons around 
800° C. to be simpler than that for low temperature cracking. At 
all temperatures demethanisation was found to prevail over 
dehydrogenation provided carbon formation was prevented. The 
nature and yield of products are functions of temperature and rate 
of throughput which can be simply related. According to Kato™ 
in the thermal decomposition of petroleum under high pressure the 
loss due to carbon deposition and uncondensible gas increases with 
pressure, especially over 200 atmospheres—both cracking rate 
and gasoline yield decrease with increase in pressure due to decrease 
in oily product. The cracking of cotton seed oil!*4 and Alaskan 
fur seal oil®5 has been studied by Egloff and his co-workers. 
Zelinski and Levina!** have cracked oleic acid at 150°C. using 
30 per cent. AIC], and obtained 61 per cent. of volatile oils which 
were separated into light and heavy gasolines and kerosine—these 
products were analysed for the different hydrocarbon types. 
Investigations during the year under review indicate that the 
subject of pyrolysis continues to attract attention to its importance 
and value in explaining the mechanism of many reactions of 
petroleum products. As in previous years the pyrolysis of the 
gaseous paraffin hydrocarbons has received the major amount of 
attention. Rice!*’ has discussed the mode of thermal decomposition 
of paraffin hydrocarbons on the assumption that the reactions occur 
by formation of olefines, free radicals and hydrogen according to a 
chain mechanism and shows that the amounts of the various 
decomposition products can be approximately calculated in this 
way. According to Belchetz'** the decomposition of methane by a 
hot platinum wire at 900°-1000° gives CH, and at higher tempera- 
tures atomic hydrogen. The action of a condensed spark'®® at 
reduced pressure on methane results in a 75 per cent. conversion to 
acetylene and hydrogen. Rice and Dooley! have shown that the 
thermal decomposition of ethane in the region of 900° C. involves 
the formation of free methyl radicals in the production of ethylene 
and hydrogen. The pyrolysis of the butanes has been studied by 4 
number of investigators. Hurd!*!4 has deduced from his results 
of pyrolysis at higher temperatures the nature of the products 
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formed under conditions of incipient decomposition—more pro- 
pylene than ethylene is formed in the 0-30 per cent. decomposition 
range and there is considerably less dehydrogenation than ethylene 
formation. With a constant contact time of 0-3 sec. from 6 to 95 per 
cent. decomposition can be obtained at 600°-700°—2-6 per cent. 
decomposition of n-butane was obtained at 400° for a contact time 
of 1-5 min. Cambron and Bayley’ find that propane and n-butane 
can be converted to olefines by thermal treatment at 800° in special 
alloy steel tubes, which, when baffled, give high rates of conversion. 
According to Marek and Neuhaus!** the primary dissociation 
products from the pyrolysis of isobutane at 600° and 650° were 
hydrogen and isobutylene, methane, ethane and propylene. Frey 
and Hepp'*® have studied the primary thermal decomposition 
reactions of the butanes, pentanes and some hexanes—with the 
butanes at 575° decomposition produces olefines and the 
complementary paraffins. Frey and Huppke,!** using chromic 
oxide gel as catalyst have dehydrogenated propane, ethane and 
the butanes at 350°-500° at atmospheric pressure and shown that 
dissociation equilibrium is obtained. Hurd and Bollman?*’ find 
that the pyrolysis of diallyl, 4 methyl-l-pentene, allyleyclohexane 
and 4 phenyl-l-butene gives a predominating quantity of propylene 
—the liquid products produced indicated that isomerisation, 
dehydrogenation and polymerisation reactions had taken place. 
From data obtained on the pyrolysis of hydrocarbons representing 
the four main classes Pease and Morton!** conclude that: (1) the 
reactions studied appear to be normal first order homogeneous gas 
reactions ; (2) the average energy of activation for paraffins drops 
as the series is ascended ; (3) a side chain in the benzene nucleus has 
nearly the same properties as the paraffin of the same number of 
carbon atoms—the side chain does not appear to be freely 
mobile on the benzene nucleus; (4) the cyclohexane ring is less 
stable than the benzene ring and the former probably first breaks 
to a smaller naphthene ring—-naphthenes appear to be more akin 
to the metameric olefines than to the corresponding benzene 
compounds. According to Mailhe’4® thermal decomposition of 
cyclohexane begins at 600° and is mainly dehydrogenation to 
cyelohexene—the latter in the presence of silica gel at 600°—700° 
gives benzene and ethylene and above 700° toluene, xylene 
naphthalene and anthracene were formed. Storch and Golden!” 
have obtained a gas containing about 10 per cent. acetylene by 
passing a mixture of 75 per cent. CO, and 25 per cent. methane 
through the tube at 1500° and subsequently scrubbing out the 
carbon dioxide. 

Meinert!*! has attempted to determine how free ethyl radicals 
split off from lead tetraethyl and react with each other by a study 
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of the reaction products—four reactions were involved: 
(1) C,H,+(H)—-~C,H, ; (2) 2C,H,;—-~C,Hy ; (3) 2C,H;—> 
C,H,+H, and (4) 2C,H,—~>C,H,+C,H,. According to Leer. 
makers! the thermal decomposition of lead tetraethyl at 245°-275° 
and initial pressures of 13-52 mm. is unimolecular and 96-97 per 
cent. homogeneous. Experiments have been carried out on the 
thermal decomposition of lead tetraphenyl by Dull and Simons!® 
and of dibutyl mercury by Frey and Hepp.?** 


VII. CompBvustTIon. 


The combustion of hydrocarbons was the subject of a Royal 
Institution lecture by Bone.155 Experiments were described to 
support the hydroxylation theory, the latest development being 
the isolation of vinyl alcohol as the initial product of the oxidation 
of ethylene, together with the proof of its undergoing reversible 
transformation into the isomeric ethylene oxide and acetaldehyde. 
Data on the S.I.T. of the butanes and n-pentane at pressures 
from 1 to 15 atmospheres showed that these values fell into two 
well defined groups, separated by a temperature range in which 
no ignition points occurred. Transference of an ignition point 
from the higher to the lower groups was dependent on a definite 
critical transition pressure. The presence of an anti-knock com- 
pound at pressures near the critical effected a transfer of ignition 
point from the lower to the higher group. An explanation of this 
is that the pressure influences the stability of some intermediate 
oxygenated compound. Akita!5* has studied the combustion of 
light hydrocarbons at constant volume, and has found that 
a-paraffins show sudden increases of pressure at several tempera- 
tures. These reaction temperatures or critical inflexion points 
have been determined for the first six paraffins, and it appears 
that the number of stages in the oxidation reaction is equal to 
the number of carbon atoms in the molecule—the reaction 
formula given is C,H.»,.+O——>+C,H.n;,+OH—>C,.,Hat 
HCHO, HCHO+0, —-» CO,+H,0.  Francis!*’ discusses the 
mechanism of explosive combustion of gaseous hydrocarbons, 
and considers that the hydroxylation theory is insufficient for 
explaining explosive reactions, and suggests a modification of the 
theory of Misteli to account for the results obtained. Wheeler’ 
has continued his work on the ignition of gases, and describes 
experiments on mixtures of air with ethane, propane, butane, 
ethylene, propylene and butylene—the ignition temperatures of 
the paraffins varied from 600° to 440°, while those of the corre- 
sponding olefins were 15°-25° lower. The experiments indicate 
that the reactions are not isothermal and are generally unlike chail 
reactions. Wheeler'®® also has extended his work on explosions 
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of methane and air in connection with propagation through a 
restricted tube. Lewis and Kreutz have examined the effect of 
ionisation,’ and the effect of an electric field’™ on the ignition 
temperature of combustible gases, while Lauer!™ has carried out 
spectroscopic investigations of the explosion zones of methane and 
other hydrocarbons, and Egerton and Pidgeon!® have determined 
the absorption spectra of various others. Jorissen and Hermans!*4 
have shown that isobutyl bromide, butyl bromide, isoamyl 
chloride, isopropyl iodide, propyl bromide and isoamyl bromide 
have a pronounced inhibitive action on the explosion of methane-air 
mixtures increasing approximately in the order given. Coward 
and Georgeson?®> have determined the speed of flame in currents 
of mixtures of methane and air—in all but the slowest burning 
mixtures the uniform movement of flame gave place to a vibratory 
movement when the flame had travelled one quarter to one-third 
of the length from the open to the closed end of a tube—the increase 
in mean forward speed during the vibratory movement was some- 
what greater than the mean speed of the current, but less than 
the axial speed. The explosion pressure of air-benzene mixtures 
in a closed vessel has been investigated by Laure.’ 


According to Newitt and Bloch)” in the slow combustion of 
ethane at high pressures, each of the six possible hydroxylation 
stages may be represented by one or more of the intermediate 
products isolated—the influence of an increase of reaction pressure 
is favourable to the survival of products of which the formation 
does not involve the rupture of the ethane molecule. Amiel]!®*-169.170 
has communicated three papers on the slow combustion of benzene 
—oxidation of benzene—oxygen mixtures in sealed tubes com- 
menced at 420° and rapidly increased between 435° and 485°— 
the CO, content increased with temperature whilst the CO content 
was a maximum at 477°—oxidation was complete at 510°. In 
the liquid products, phenol and p-benzoquinone were detected, 
but no aldehydes or peroxides—the velocity of this reaction was 
also determined. Lewin'™ has investigated the slow combustion 
of gaseous saturated cyclic hydrocarbons having side chains. 

Jones and Kennedy!” have compiled extensive data on the 
infammability limits of methane, ethane, propane and butane in 
nitrogen and carbon dioxide. The le Chatelier law was modified 
to enable the inflammability limits of such mixtures to be calculated 
by combining the data for the nitrogen and carbon dioxide with 
that of the different hydrocarbons. Briand, Dumanois and 
Lafitte”? have determined the temperature-concentration curves 
for the inflammation of mixtures of air and benzene, toluenc, 
cyclohexane and cyclohexene from 100° to 300°—they are straight 
lines slowly falling and rising from the temperature axis, 
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respectively, except as regards the maximum concentration of 
toluene, which after rising falls slightly, indicating slow preliminary 
combustion. 


VIII. SutpHur CompounpDs. 


Frolich and his co-workers!’* have examined the commercial 
possibilities of the sulphur compounds obtained during the recovery 
of spent soda used in treating petroleum, thus—methyl, ethyl and 
propyl mercaptans can be converted to thio-ethers which are 
solvents for cellulose nitrate, rubber, p-coumarone, etc.—ethyl 
thio-ether can be converted to ethyl sulphoxide which is a plasticiser 
for pyroxylin—oxidation of ethyl mercaptan gives ethyl sulphonic 
acid and sulphonates which are used as wetting agents. Bost and 
Conn!** outline the results obtained in a study of the preparation 
and properties of the thiophanes (A.P.I. Project 41) with particular 
reference to trimethylene, tetramethylene, pentamethylene and 
a-methyl pentamethylene sulphide. The same authors’’® have 
investigated the action of trimethylene sulphide (in n-heptane and 
three different gasolines) on mercuric chloride, methyl iodide, 
potassium permanganate and 30 per cent. hydrogen peroxide in 
glacial acetic acid—stable derivatives were obtained. Nitric and 
hydrochloric acids gave highly polymerised products. 

Bermejo and Herrera!” find that sodium nitroprusside in feebly 
alkaline solution gives violet colorations with methyl, ethyl, propyl, 
butyl and amyl sulphides, but not with diphenyl sulphide, phenyl 
sulphide and ditolyl sulphide. The use of cupric chloride for the 
quantitative determination of mercaptans is described by Schulz 
and Chaney.!78 

Marked desulphurisation (though incomplete) of crude brown coal 
gasoline is obtained by treatment with potassium, sodium and 4 
liquid potassium-sodium alloy.”® Sodium, finely reduced silver 
and copper remove ethyl mercaptans to a major extent, but have 
little effect on diamy1 sulphide and thiophene. Supplementing this 
work Dittrich’® has investigated the removal of free sulphur from 
gasoline with the aid of silver and copper powders—the former 
removed all the sulphur at 50°. Nellensteyn and Thoenes'* have 
studied the reaction between sulphur and paraffins, kerosine and 
lubricating oils at 260°-300°—only traces of organic sulphur com- 
pounds were obtained. According to Trenner and Taylor'® the 
products of the thermal decomposition of ethyl mercaptan and 
ethyl sulphide at 380°-410° are hydrogen sulphide, ethylene and 
poly-sulphides. Malisoff and Marks'* report that n-butyl sulphide 
is thermally stable in benzene solution (0-05 molal) at 400° C. for 
50 sec.—moderate decomposition occurs at 500° and even at 515° 
for 30 sec. the conversion is only 20 per cent., the sulphur products 
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being hydrogen sulphide and mercaptan. The removal of thiophene 
from benzene by catalytic hydrogenation can be carried out 
according to Pease, Keighton and Munro!** at 325° using a Cobalt 
sulphide-molybdenum oxide catalyst and according to Moldavski 
and Prokopehuk?*®* at 350° using molybdenum sulphide. 


IX. MISCELLANEOUS. 

Bailey and his co-workers'**!8? have published a further five 
communications on the nitrogen compounds in petroleum distillates 
which deal with the isolation of 2.4.8 trimethyl quinoline, the use 
of sulphur dioxide in the separation of petroleum bases, the 
occurrence of 2.8 dimethyl quinoline in Californian kerosine distillate, 
new reactions of the naphthenic base C,,H,;N and the ionisation 
constants of the saturated bases. The bases extracted from a tar 
pitch distillate by Hofmann and Beenti!** contained dimethyl 
pyridine, o-toluidine, quinoline, isoquinoline, quinaldine, 8-naph- 
thylamine and three bases of the general formula C,;H,N probably 
of the pyrene type. Mizuta'®®!® has nitrated the 105°-108° C. 
fraction (maximum toluene concentration) of gasoline from 
Shukoko crude and obtained mono, di- and tri-nitrotoluene repre- 
senting up to 90 per cent. of the theoretical yields. The bromina- 
tion of saturated aliphatic hydrocarbon gases has been investigated 
by Perelis'!™ and using commercial products a number of bromides 
of the gaseous paraffins have been isolated. Gardner'® has 
chlorinated commercial paraffin at 70°C. and determined the 
densities, viscosities, pour points, surface tensions and molecular 
weights of the chloro-products. 

The preparation of ethyl alcohol from ethylene has been 
investigated by Pripik and others'*!%4—ethylene was separated 
from cracked gases by adsorption with activated charcoal and 
concentrated to 85 per cent., then absorbed in sulphuric acid using 
silver or iron as a catalyst—the ethyl sulphuric acid was then 
hydrolysed. The preparation of butyl alcohol by the action of 
dilute sulphuric acid on a butylene concentrate from cracked gases 
has also been reported.!% 

Benzaldehyde has been synthesised from benzene and carbon 
monoxide by Halloway and Krase!** using aluminium chloride as 
catalyst. Halls'® has described the chlorination of naphthalene to 
yield waxes and discusses their application as well as_ their 
superiority to natural waxes in certain respects. 

According to Pilat!®* mineral oil sulphonic acids can be separated 
into three series (a # 5) according to the solubility of their calcium 
salts in water and ether. The a acid is formed principally in the 
acid tar and its calcium salts are insoluble in water and ether. The 
8acid is present mostly in the oil phase and its calcium salts are 
easily soluble in ether and insoluble in water. The 6 acids are only 
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produced in the acid tar and the calcium salts are insoluble in ether 
and soluble in water. Pilat }% has also investigated the occurrence 
of higher fatty acids in petroleum distillates and separated myristic, 
palmitic, stearic and arachic acids from Boryslaw crude. 

Von Braun?” has described the preparation of the first individual 
naphthenic acid, viz., 3.3.4 trimethyleyclopentylacetic acid 
b.p. 144°-145°/14 mm. The composition of the naphthenic acids 
in Baku kerosine and spindle oil distillates has been investigated by 
Tiutiunnikov and Pervukin®"' while Pyhala has studied the forms 
in which naphthenic acids may exist in crude petroleum .20?-203.204.205 
The dissociation constants and solubility in water of the naphthenic 
acids from Baku naphtha, kerosine and gas oil have been determined 
by Malyatski and Margolis.*°* 
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Motor Benzole. 
By W. H. Horrert, M.A., B.Sc., F.L.C. 


The annual production of motor benzole in Great Britain, which 
had been declining since 1929 owing to the trade depression, reached 
a minimum in 1932 of about 25,500,000 gallons, after which the 
production increased again in 1933 to about 30,000,000 gallons. 
This increase was undoubtedly due chiefly to the trade revival in 
the iron and steel industries, definite signs of which became 
apparent particularly towards the end of 1933. Other contributory 
factors have been the greater interest taken in the recovery of 
benzole by gas undertakings, resulting in the installation of 
benzole recovery plants on many gas works, the greater attention 
paid on coke-oven plants to the efficiency of recovery of the benzole 
from the gas, and lastly developments in refining processes that 
enabled an increased yield of refined motor benzole to be obtained 
from the crude product. 

Although the motor benzole recovered at coke-ovens and gas 
works has continued to be the principal source of home-produced 
motor spirit in this country, during the period under review 
developments have taken place, which undoubtedly will result in 
an appreciable increase in the quantity of motor fuel produced 
from our coal resources in the near future. 

Definite progress has been made in processes for the low- 
temperature carbonisation of coal, particularly by Low-Temperature 
Carbonisation, Ltd. In 1933, this Company had plants working at 
Barugh, Askern and East Greenwich, with a total capacity of 
322,000 tons of coal capable of producing 225,000 tons of smokeless 
fuel, 26,000 tons of tar, and 800,000 gallons of motor spirit annually. 
As a result of the successful operation of these plants, it has been 
reported that arrangements are being made by this Company to 
increase their output considerably. 

Another important development has been the decision of 
Imperial Chemical Industries, Ltd., to erect a plant at Billingham 
for the production of motor spirit from coal by the hydrogenation 
process. The cost of the plant is estimated at approximately 
£2.500,000, and the initial yield of high-grade motor spirit will be 
about 25,000,000 gallons annually. It is expected that the plant 
will be brought into operation during 1935.” 
|. PRopucTION OF BENZOLE BY CoAL CARBONISATION PROCESSES. 

There is little doubt that further investigations on the effect of 
carbonising conditions on the yield and quality of the benzole con- 
tained in coke-oven gas would have a beneficial effect on benzole 
production, Thus, by avoiding thermal decomposition of the 
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volatile products of carbonisation as they pass from the retort or 
oven, it is possible to increase both the total yield of motor spirit 
and of the aromatic hydrocarbons. This is the basis of the process 
recently patented by C. Still, in which the volatile products of 
carbonisation are withdrawn by suction through ducts in the coal 
charge. It must not be overlooked, however, that the products 
obtained in this way are deficient in benzene and also contain 
appreciable amounts of unsaturated and paraffin hydrocarbons, 
which vary on different plants thus rendering the blending of such 
spirits with petrol to a standard quality motor fuel more difficult. 


In this connection reference may also be made to a study of the 
yields and changes in composition of the by-products during coking 
in high-temperature ovens by Sanders and Smith.4 A good quality, 
Durham, coking coal containing 26 per cent. of volatile matter and 
45 per cent. of water was carbonised in 16-in. ovens with average 
flue temperatures of 1440° C. and a coking time of 14 hrs. Hourly 
samples of the distillation products were withdrawn from the 
ascension pipe, in order to follow the changes in composition of the 
gas, tar, and benzole during coking. The conditions during the third 
hour were such as to favour the maximum yield of benzole, after 
which the benzole yield decreased considerably with an increase in 
the benzene content of the benzole. 


Research has been continued on the conversion of gaseous 
paraffin and olefine hydrocarbons into aromatic hydrocarbons, and 
papers and patents, too numerous for detailed reference, have been 
published concerning such processes and also relating to the 
production of aromatic hydrocarbons from coal, heavy oils from 
petroleum, high- and low-temperature tars, phenols, naphthalene 
ete., by cracking and hydrogenation. 


Il. Recovery. 


The various methods of removing benzole from coal gas have 
been reviewed by Bir, whilst Wearing® has made a detailed study 
of the theoretical aspects of the different processes. Interesting 
details have been given by Wilke’ of the process recently developed 
in Germany by the Gesellschaft fiir Linde’s Eismachinen A.-G. I 
this process the gas after removal of tar and ammonia is cooled by 
alternate compression and expansion. It is reported that a high 
recovery of benzole of excellent quality is effected, and that by 
freezing this benzole very pure benzene can be obtained easily and 
cheaply. Moreover, the process is more independent than the 
oil-washing process of the temperature of the atmosphere and cooling 
water. It is claimed that the working costs of the process are about 
the same as those of the oil-washing process. 
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Oil Washing Process.—In gas works where the spent oil is easily 
disposed of in the carburetted water-gas plant, thus eliminating 
any difficulties due to thickening or sludge formation, the use of 
gas oil undoubtedly possesses advantages. This consideration, 
however, does not apply to coke-oven practice, for which coal tar 
oils appear to be preferred, although a number of coke-oven plants 
are now using gas oil. Mathias®* has given details concerning the 
various troubles encountered in the use of petroleum oils for benzole 
recovery, and has discussed tests for determining their suitability, 
particularly from the point of view of sludge formation. More 
recently, White and Kellet® have described their experiences when 
using gas oil for benzole recovery from coke-oven gas, and of the 
methods employed to overcome difficulties with regard to sludging. 


Further work has been carried out on the causes of the thickening 
and sludging of creosote-wash oils by Meurisse, and by Bordo and 
Muhlendyck. Meurisse’ concludes that thickening is due to the 
formation of free carbon, and of polymerisation products. The rate 
of thickening increases with rise of temperature and in the presence 
of water. Free sulphur and hydrogen sulphide appear to have no 
effect on polymerisation. Bordo and Muhlendyck,™ on the other 
hand, have concluded from large scale laboratory tests that 
thickening is due mainly to the presence of oxygen, and is accelerated 
by the presence of hydrogen sulphide which is oxidised to sulphur. 
The latter causes molecular condensations in the oil with the forma- 
tion of asphaltic material. Iron salts have a catalyst effect on 
these reactions. Tar, ammonia, hydrocyanic acid, water and 
naphthalene they consider as of only minor importance. They also 
observed that phenols tended to retard thickening. 


The various factors that must be taken into account in the oil 
washing process have been discussed by Krebs,!* who has also given 
operation results for several types of gas scrubbers. Krebs has 
also published details of a plant for scrubbing brown-coal, low- 
temperature gases with paraffin oil,!* and of a continuous plant for 
debenzolising wash oil by the use of a high vacuum.‘ An interesting 
study of the recovery and rectification of coke-oven motor benzole 
has been made by Taylor.!5 

Theoretical studies of the multi-stage gas-washer have been made 
by Coret!® and by Bolzinger,” whilst data for Feld centrifugal 
washers have been given by Wittenhiller.1* Various improvements 
to benzole washers have been claimed in patents by W. C. Holmes & 
Co., Ltd.)® MacLaurin & Blairs, Ltd.2° and Bryant & Firth, 
Blakeley & Sons, Ltd." and of gas washing and debenzolising 
plants in patents by Melches,” C. Still,2* Co. Otto & Co.,24 and 
W. C. Holmes & Co., Ltd.25 
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Active Carbon Process.—As a result of the satisfactory operation 
of the active carbon plant for benzole recovery at Harrow, the 
Gas Light and Coke Company installed at the Beckton Works 
another plant constructed by the British Carbo-Union, Ltd., dealing 
with purified gas from horizontal retorts and coke-ovens, and 
capable of producing 20,000 gals. of benzole in 24 hrs. from 
75,000,000 cu. ft. of coal gas. This plant was started in August, 
1932, and its operation will undoubtedly be watched with 
considerable interest by the benzole industry. 

Engelhardt and Riiping®* have described comparative tests of 
the oil-washing and active-carbon processes. They found that the 
latter process gives more efficient recovery of benzole and that less 
sulphur compounds and gum-forming hydrocarbons are left in the 
gas. However, the content of corrosive sulphur compounds, 
phenols and pyridine bases is low in benzole recovered by active 
carbon, so that the benzole can easily be rendered stable on storage 
by means of gum-inhibitors. Certain advantages of the active 
carbon process compared with the wash-oil process have also been 
discussed by Thau.”” Improvements relating to the active-carbon 
process have been claimed in patents by the Metallgesell- 
schaft, A.-G.,28 the Carbo-Norit-Union Verwaltungs Ges.m.b.H..” 
and the Société de Recherches et d’Exploitation Pétroliféres.” 


III. ReFrina. 


In the refining of benzole for use as motor fuel, there has been 
an increased tendency during the past two years to abandon 
treatment with highly concentrated sulphuric acid in favour of 
less drastic refining processes. With low-sulphur crude benzoles, 
such processes have enabled the yield of motor benzole from the 
crude to be appreciably increased, but with benzoles containing 
high amounts of thiophen and its derivatives it has been found 
difficult to remove the sulphur without the concurrent destruction 
of the unsaturated hydrocarbons. 

So long as sufficient strong acid was used to remove the 
unsaturated hydrocarbons completely, this was usually more than 
sufficient to remove colour, malodorous compounds and sulphur, 
and the method of applying the acid was not of great significance. 
When, however, the acid is used selectively to remove only the 
undesirable constituents from crude benzoles and to conserve the 
maximum quantity of unsaturated hydrocarbons, greater attention 
to the conditions of treatment and a more exact knowledge of the 
reactions involved have been found desirable. 

The various factors that must be taken into account in acid- 
refining, in order to eliminate and prevent the formation of 
hydrogen sulphide, free sulphur and mercaptans in the refined 
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benzole, have been discussed by Kiemstedt,*! whilst investigations 
on the reactions involved in the acid treatment of crude benzoles 
have been reported by Moehrle, by Kruber, and by Spilker and 
Schade. Moehrle* found that 3 per cent. by volume of 80 per cent. 
sulphuric acid removes some of the indene, styrene and cyclohexene, 
but leaves n-hexylene untouched, whereas concentrated acid 
removes all these hydrocarbons completely and condensation 
products with the aromatic hydrocarbons are found among the 
reaction products. Kruber** has concluded that during the acid 
treatment of crude benzole, both thiophen and the aromatic hydro- 
carbons condense with unsaturated hydrocarbons, whilst Spilker 
and Schade** have confirmed that the addition compounds formed 
fom styrene and aromatic hydrocarbons are unsymmetrical 
derivatives of ethane, the middle carbon atom of the styrene 
combining with a nucleus carbon atom of the benzene derivative. 
Kruber and Schade,*° have recently reported that unsaturated 
hydrocarbons—such as cyclopentadiene, cyclohexene, styrene, 
ete., also form high-boiling- addition compounds with mercaptans, 
and have emphasised the importance of removing these objection- 
able sulphur compounds from refined benzoles. 

The chief development in Great Britain has undoubtedly been 
the use of the Inhibitor Process for refining benzoles for use as 
motor fuel. By restricted acid-washing alone it is usually necessary 
to remove an appreciable proportion of the unsaturated hydro- 
carbons in order to obtain a product that is sufficiently stable on 
storage. If, however, gum-inhibitors are used for controlling the 
stability of the unsaturated hydrocarbons, acid-treatment can be 
limited to the minimum necessary to remove colour, odour, and 
sulphur compounds. According to Hoffert and Claxton,** this 
process has proved particularly advantageous with crude benzoles 
of low sulphur-content, but for the reasons already indicated is 
difficulty to apply to benzoles containing high amounts of thiophene 
sulphur. 

The trend in favour of less drastic refining treatment has also 
been reflected in the number of patents recently issued dealing with 
modified acid-washing processes, since many of these processes*’ 
appear to depend essentially on the use of smaller quantities of 
acid, or acid of less strength, than normally employed hitherto. 

Reference must also be made to the continuous acid-washing 
process of W. C. Holmes & Co., which is claimed to be particularly 
suitable for small gas works.** In this process, the benzole is first 
washed with caustic soda, and then enters the sulphuric acid 
washer, where intimate contact between the benzole and the acid 
8 Maintained by means of a pneumatic pulsating device. After 
separation of the acid-tar, the benzole is again treated with alkali 
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before flowing into the still from which finally the benzole is 
fractionated. 

Other processes of interest are described in E.P. 350,494» 
according to which treatment of the crude benzole in the liquid. 
phase with a reducing agent, such as zinc and dilute acid, before the 
usual acid-treatment is claimed to give both increased yield 
and a purer product, and in E.P. 387,447, which recommends the 
treatment of crude benzole with ozonised air, followed by washing 
with 70 per cent. acid containing ferric chloride or sulphate. 
Restricted treatment with sulphuric acid has also been applied 
successfully by Manning for refining motor spirits obtained by 
the low-temperature carbonisation of coal, or by the hydr. 
genation of coal or low-temperature tar.” 


Further details of the Instill process in which the benzole is 
treated with ferric sulphate and an adsorbent earth, as operated 
at the Rotherham Main Coke-Ovens have been published recently,* 
and improvements of the process of the Silica Gel Corporation 
involving the use of acid and silica gel have been claimed in 
U.S. Patents 1,886,260-1.* 

Gluud, Lépmann and Keller have described an electrolyti 
oxidation process for refining benzole,*4 whilst Kremer*® has 
studied the refining of benzole with aluminium and other metalli 
chlorides, and has suggested that the use of aluminium chloride 
reduces refining losses by inducing the polymerisation of diolefine 
to aromatic hydrocarbons. 

Another method of conserving the unsaturated hydrocarbons i 
to hydrogenate them to stable compounds, and this process has the 
advantage of reducing the sulphur compounds to hydrogen 
sulphide, which can readily be eliminated. A review of the hydro 
genation process, which is being developed chiefly in Germany, ha 
been given by Rosendahl,** and an investigation on the application 
of various refining processes, including treatment with 93 per cent 
and 80 per cent. sulphuric acid, the Ufer, Instill and hydrogenation 
processes to a number of benzoles of different origin, has been 
reported by Weller and Schramm.” 


Finally, reference may be made to a number of publication 
dealing especially with the elimination of sulphur compouné 
from benzoles. The removal of thiophen from benzene by hydro- 
genation has been studied by Moldavskii and Prokopschuk*® using 
a molybdenum sulphide catalyst, and by Pease, Keighton ané 
Munro*® using catalysts prepared from the oxides of cobalt ané 
molybdenum. A process used in Germany for removing corrosive 
sulphur from motor benzole is to distil the vapours through hot 
caustic soda (sp. gr. 1.1), and details of this treatment and the 
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necessary plant have been described by Rosendahl. The Benzol- 
Verband™ have patented the addition of small quantities of 
substances that form compounds of a peroxide character to motor 
fuels to prevent them from corroding copper and brass, and a 
process for desulphurising mineral and coal tar oils by means of 
metals (e.g., tin, aluminium, copper and magnesium) and an alkali 
zincate. ** 

An improved apparatus for the continuous rectification of 
acid-washed benzole has been patented by the Société des 
Etablissements Barbet,®* and this Company have also patented a 
process for the simultaneous recovery and refining of benzole.** 


IV. ANALYSIS AND TESTING. 

Hoffert and Claxton®® have investigated the ease of starting 
with benzoles, petrols and benzole-petrol mixtures at temperatures 
of 20° to 0° C. They found that the ease of starting with benzole 
was dependent on the proportion of benzene present, and that 
blends of an average benzole with certain petrols gave easier 
starting at 0° C. than either the benzole or the petrol. Such blends 
were found to give an ease of starting at this temperature 
comparable with the best quality petrols. 

Further work has been reported on the anti-knock value of the 
aromatic hydrocarbons and their derivatives. Garner, Evans, 
Sprake and Broom®® have determined the knock ratings of 
solutions of aromatic and naphthene hydrocarbons in a standard 
fuel, and derived ‘‘ Blending Octane Numbers ” for the different 
hydrocarbons. Of the aromatic compounds, they report that ethyl 
benzene, the m- and p-xylenes, p-cymene, mesitylene, and p-tert- 
butyltoluene give the highest anti-knock effect, the order in general 
agreeing with that previously found by Birch and Stansfield. 

Hoffman, Lang, Berlin and Schmidt,*’ who determined the 
H.U.C.R.’s for various hydrocarbons in admixture with a standard 
petrol using the audibility method, however, found that in the 
aromatic series the anti-knock value increased with the number 
of side chains, but the ethyl group was less effective than the 
methyl group. The relative positions of the side chains, e.g., in 
0-, m-, and p-xylene, were without appreciable influence on the 
anti-knock value. 

Endo** has shown that the anti-knock value of aromatic com- 
pounds is increased when an amino- or hydroxy-group is added 
directly to the benzene ring and decreased when added to the side 
chain, whilst Schmidt®* reports that the increase in anti-knock 
value resulting from substitution of hydrogen in benzene is in the 
order Me, OH, NH,. PhN(Me), and PhN(Et), are less effective 
than PhNH,. 
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In connection with the determination of knock ratings of motor 
fuels, mention may also be made of the development of the C.F.R. 
variable compression engine and the tentative adoption of the 
‘* Research Method” and later of the “Motor Method” as a 
standard for anti-knock determination. In the “ Motor Method,” 
based on comparative results obtained with American car engines, 
the mixture temperature has been increased to 300° F., and this 
increase of temperature has been shown to have the effect of 
derating the aromatics to a greater extent than other types of 
hydrocarbons. Some doubt, therefore, has been expressed as to 
whether the “ Motor Method ”’ rates fuels fairly with regard to 
their behaviour on the road or even gives results comparable with 
those obtained in British engines. 

Claxton, Hancock and Hoffert® have described a new type of 
lamp for determining the total sulphur in benzoles and light oils, 
and have proposed certain modifications of the Standardization of 
Tar Products Tests Committee method. They also emphasised the 
importance of making a correction for the sulphur contained in the 
alcohol used for diluting the benzole. 


A number of publications have dealt with the determination of 
carbon disulphide. For detecting small amounts of this sulphur 
compound, Feigl and Weisselberg® recommend a test depending on 
the formation of a difficultly soluble nickel salt with ‘* Hector’s 
Base,”’ whilst Tischler,® and Callan, Henderson and Strafford,® 
have described a colorimetric method of determination using a 
reagent containing a copper salt and diethylamine. Matuszak“ 
recommends the iodometric titration of the xanthate as the most 
accurate and convenient method. 


Kiemstedt® has confirmed that a benzole containing peroxides 
may give a positive test with mercury, although free sulphur is 
absent. On the other hand, he finds that peroxides may cause 
failure to show a positive test with a copper strip, unless a reducing 
substance such as hydroquinone is added. He considers that the 
quantitative method, involving an iodometric determination of the 
hydrogen sulphide evolved on treating the mercuric sulphide 
precipitate with acids, is satisfactory, and recommends a copper 
strip method as a qualitative test. A critical examination of the 
various methods of determining active sulphur in benzoles has 
been made by Dittrich,** who has proposed a modified procedure 
to the mercury method recommended by Kiemstedt, in order to 
avoid errors due to the presence of constituents in the benzole which 
may react with iodine. Thornton and Latta® have described 4 
colorimetric method for the detection and determination of free 
sulphur in motor fuels. The effect of sulphur compounds contained 
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in brown-coal tar-oil has been investigated by Hofmeier and 
Wisselinck.® 

Hoffert and Claxton®® have described the oxidation test used 
for determining the stability of motor benzoles on storage, and 
have discussed the various factors involved in standardizing 
this test. 

The use of the Haber-Léwe interferometer for determining benzole 
in coal gases has been described by Schildwichter,” and this 
method is also recommended by Pieters and Koopmans.” 

Tarasenkow and Polozhintzeva” have determined the solubility 
of water in benzene; toluene and xylene by measuring the critical 
solution temperatures of known mixtures, and obtained results at 
20° C. of 0-053, 0-035 and 0-023 per cent. by weight, respectively. 
Broche and Scheer’* have described a chemical method for deter- 
mining water in motor benzole involving treatment of the fuel 
with calcium hydride and measurement of the hydrogen evolved. 

According to Ferguson and Miller,”4 the specific heat of 
benzene over the range 20-50°C. is given by the equation 
03958 +-0-00125 (t—20). 
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Development of Low Temperature Carbonisation 
During 1933. 


By F. 8. Stnnatt, M.B.E., D.Sc. 


Tue past year has been marked by an increase in interest in 
processes for the production of smokeless fuels and in methods 
of heating without the production of smoke. The interest is not 
confined to any branch of the community, but is shared by the 
general public, the coal industry, the carbonisation industries 
and the electrical industries. The general feeling upon the develop- 
ment of processes for the carbonisation of coal at low temperatures 
is due, in a measure, to the excellent results published by Low 
Temperature Carbonisation, Ltd. The Chairman, Colonel Bristow, 
was able to report another year of progress and achievement, 
and at a later date stated that Low Temperature Carbonisation, 
Ltd., were erecting two new works in the next few months. The 
primary object of this company is to produce a solid smokeless 
fuel, “‘ Coalite,” suitable for all domestic purposes, including the 
open firegrate, and it succeeds in this object by setting a high 
standard for its product and by keeping it uniform in size and 
quality. The by-products obtained are of importance, and the 
motor spirit produced by the low temperature carbonisation of 
coal was used during the major part of 1933 for one Home Defence 
Squadron of the Royal Air Force. In view of the very satisfactory 
results of this trial a contract has now been placed to cover the 
requirements of seven squadrons, and Colonel Bristow, in a letter 
to the Times dated March 2nd, 1934, stated that the motor spirit 
produced in the new plants mentioned above would bring the total 
production of his firm up to a point sufficient to supply seventeen 
squadrons of the Royal Air Force. The writer has pointed out 
that a manufactured solid smokeless fuel must possess special 
characteristics before the general public will use it in place of coal. 
The household coals of this country are of such high quality, 
and are so suitable and economical for domestic purposes, that 
the public cannot be expected to use solid fuels of inferior qualities. 
The coal industry is providing suitable sizes and qualities for 
domestic purposes, and the Coal Utilisation Council is playing an 
important réle in placing modern developments in the utilisation 
of coal at the service of the consumer. In addition, grates, ovens 
and furnaces for burning coal are becoming increasingly efficient 
and convenient. 

The great carbonising industries are doing all in their power 
to produce cheaply, and in large quantities, cokes possessing the 
qualities required for all domestic purposes. Importance is attached 
to the recent speech by Sir David Milne Watson at the annual 
2L2 
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meeting of the Gas Light and Coke Co. He said: “ The company 
owes this great position to the fact that gas is a clean, economical 
and efficient fuel. I should like, also, to point out that the company 
is a very large purveyor of solid fuel in the shape of coke and our 
specially prepared ‘Cleanglow.’ These fuels have the great 
advantage of being economical and reliable, and at the same time 
absolutely smokeless. We have found a ready market for * Clean. 
glow’ and its use is increasing every day.”’ The significance of 
these remarks will be realised when it is remembered that the 
Gas Light and Coke Co. carbonises about 3 million tons of coal 
per annum. A duty of ld. per gall. on heavy imported fuel oil 
was imposed on the occasion of the last Budget. At the above- 
mentioned meeting of the company Sir David Milne Watson 
stated that the tax on fuel oil had directly stimulated the use of 
coke for central heating and other boiler installations. 

The Chairman of the Illingworth Carbonisation Co., Ltd, 
Mr. S. E. Illingworth, at the annual meeting on December 20th, 
1933, reported that the plant at Courriéres had been doubled 
during the year, and now has a capacity of 250 tons a day. The 
plant at Maubeuge for Gaz et Carbonisation, capacity 250 tons a 
day, came into operation in September, 1933. The Italian plant 
has been in operation since October, 1931, but the smooth working 
of this plant has been interrupted by growth of the castings. It 
has been decided to replace the castings with a cast iron, which 
does not grow, which has been developed in association with- the 
French company. The capacity of the Illingworth plants abroad 
is 750 tons a day. The fuel commands a high price, and the 
reception is stated to be excellent. It is expected that it will 
be possible to recondition the plant at Allerton, which will serve 
as a demonstration plant for Great Britain. 

The plant of the Scottish Gas Utilities Corporation, Ltd, 
Glenboig, has treated over 17,000 tons of coal during the year, 
without interruption for mechanical adjustments. The coal used 
is washed caking doubles or singles from Lanarkshire. The 
smokeless fuel ‘‘ Heatbrite”’ is graded. A sample has been 
examined in the open grate at the Fuel Research Station and gave 
values comparable with other smokeless fuels. The gas produced 
in the plant has a calorific value of 200 B.Th.U. per cu. ft., and 
is equivalent to about 80 therms per ton. The whole of the gas 
is sold for industrial purposes, and the results have been satisfactory. 
The tar produced during the year has exceeded 20 galls. per ton, 
and the Corporation has developed a treatment by which it remains 
fluid below O° C. 

The erection of the Salermo plant at the Southall Works of the 
Gas Light and Coke Co. has been completed. The unit has 4 
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capacity of 50 tons a day. The carbonising chamber consists of 
24 semi-circular troughs, 16 in. in diameter and 7 ft. 6in. long, 
made of special heat resisting steel. The coal to be treated is 
passed through a pre-drier heated by exhaust furnace gases. The 
furnace is an adaptation of the best type of gas furnace, and 
individual burners are provided for each trough so as to permit 
of absolute control of temperature, and there is a special system 
of recuperation. The gases and vapours pass through a Salermo 
dust extractor, where the dust is caught by a series of baffle plates 
which are continuously sprayed with the less volatile fractions 
of low temperature tar. The tar, which is under pressure in the 
circuit, carries away the dust and after separation from the dust 
it is cooled and returned to the sprayers. The higher boiling tar 
fractions are condensed at the dust removing stage and continu- 
ously removed. The condensers proper catch the low boiling 
fractions and water, and separation of the tar takes place owing 
to the absence of dust. The plant is designed to produce low 
temperature coke of a definite and constant volatile content, and 
forms an integral part of a blending plant. The ultimate aim is to 
produce coke possessing special properties by careful blending and 
carbonisation. 

A unit of the Hird system of low temperature carbonisation, 
British Carbonised Fuels, Ltd., having a capacity of 50 tons a 
day, is working at the Nostell Colliery, Wakefield. It is intended 
that the ultimate capacity will be 200-250 tons a day. The coal 
used in the plant passes to a bunker of 100 tons capacity, and then 
through a coal drier heated by gases bled from the battery heating, 
toa similar bunker of 40 tons capacity. From here it is delivered 
into a charging lorry with three doors pitched to suit the charging 
doors of the retorts. The retorts are made of heat-resisting cast 
iron, and are of corrugated design. The dimensions of the retorts 
are 10 ft. by 10 ft., with an average width of 12 in. and with an 
inverse taper. The capacity of the retorts is 2} tons a day. The 
heating is effected by heating and circulating a large volume of 
gas. The low temperature coke, “‘ Nostlite Smokeless Fuel,” is 
discharged into a fuel car where it is dry quenched by a special 
method. 

British Coal Refining Processes, Ltd., announced in August last 
that its first plant would be erected on the outskirts of Hudders- 
field, and later it was stated in the Yorkshire Observer that the 
company is co-operating with Huddersfield Collieries, Ltd., in 
the scheme. 

One of the developments of great significance, particularly to 
the coke oven industry and gas making industry, is the employment 
of the blending system due to Roberts, operating at both high and 
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LOW TEMPERATURE CARBONISATION, OLe 


low temperatures. Successiul working is reported from the 
Continent using coals to which 10-20 per cent. of coke dust has 
been added. In the blending investigation at the Fuel Research 
Station which is being carried out in chamber ovens (Woodall 
Duckham system), blends of caking and non-caking coal with and 
without the addition of fine crushed low temperature coke have 
been carbonised. The results have been interesting in several 
respects, and the attached table contains typical values for the 
cokes produced. 

The system of low temperature carbonisation in the narrow brick 
retorts which has been elaborated at the Fuel Research Station 
(Technical Paper No. 35) has been tried on seams of all types 
from the main coalfields, and after about 48 hours’ preliminary 
experimental working to establish suitable conditions it has been 
possible to carbonise most of the coals. One of the retorts has been 
in continual operation for 22 months, and when the two retorts 
were examined at the end of 18 months both were found to be 
in excellent working condition. 
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Drilling. 
By B. J. Exvtis (Member). 


In areas where wells were quickly drilled, close study was given 
to the simplification of the dismantling, transport and re-erection 
of drilling equipments with the objects of speeding up the operation 
and reducing costs... Where ground contours were fairly level, 
standardized steel understructures for derrick, engine, drawworks, 
ete., were used, and a standardized layout was followed, all plant 
and materials being set down in exactly the same relative positions 
at each location. A definite programme of dismantling and the 
layout of the gear for transport was adopted, and vehicles were 
specially adapted for the particular loads which each had to handle ; 
the time taken for a move was thus reduced on one field—Conroe— 
from 6/7 days to 3/4 days and the cost reduced materially. 

The study of formation pressures which continued throughout 
the year showed that in most fields the gas, water and oil pressures 
to be expected were seldom in excess of the hydraulic head equiva- 
lent to the depth. Control by mud was therefore found possible 
in almost all cases, but the fitting of blow-out prevention equipment 
for use in emergencies was continued. There were no drastic 
changes in types, but detailed improvements were made in the 
packing assemblies of the bow] and ram types, and the use of steam 
pressure for the operation of the latter was discarded in favour of 
mud or water pressure. The numbers of blow-outs which have 
occurred in the past, despite the fitting of these devices, prompted 
operators to insist on blow-out prevention drill at regular intervals 
by each drilling crew? 

In Persia a rotating packer head between drill pipe and casing 
was favoured on account of the greater speed of closing,*® the device 
used being practically instantaneous in action. 

Pressure drilling operations were continued at Kettleman Hills, 
California, and on the Big Lake Field, Texas, but they were not 
extended beyond these two areas in the U.S.A. In other countries, 
however, in Burma, India, Persia and South America, the system 
was in use in one form or another on both production and explora- 
tory drilling. Operations fell into two classes: (a) the drilling 
into producing formations—chiefly limestone—where mud control 
had been ineffective or was detrimental to subsequent production ; 
and (b) the drilling of wells to the producing zone—chiefly on sand- 
stone fields—where high gas and water pressures and heaving 
shale had made progress with ordinary mud control either extremely 
slow or impossible. 

In the Turner Valley Field, Canada, methods of bringing wells 
on to production under pressure have undergone little change. 
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25 
The original difficulty of the freezing of drill pipe in the hole by 
the low temperature created by the expanding gas was overcome 
bydrilling in without circulation and allowing the oil to flow to bring 
the cuttings to the surface. Very similar methods were in use in 
the Big Lake Field, Texas, where water circulation in place of 
mud was maintained while the weil flowed. No difficulty was 
experienced on this field with either freezing or the penetration 
of water into the producing limestone, as the gas and oil flow was 
sufficient to bring all injected water to the surface but not enough 
to cause excessive cooling. A large amount of valuable production 
data was obtained by carefully metering the flow of oil and gas as 
drilling proceeded, and it was found possible to locate exactly 
the boundary between the light and heavy oil zones. Wells of 
over 8800 ft. depth were completed by these means. 

Conditions in the Masjid-i-Sulaiman field in Persia were somewhat 
different in that,the oil pressure was low and the formation of so 
open a nature that circulation of either mud or water could not 
be maintained. Wells were therefore drilled while flowing, the 
oil bringing the cuttings to the surface. To avoid the snubbing 
in and out of the drill pipe, wells were killed by water while changing 
bits and brought on to production again by gas lift before drilling 
was recommenced .° 

In Burma, India and Persia, the Bahrein Island in the Persian 
Gulf and in South America, pressure drilling with mud circulation 
was employed with success in a number of cases where high forma- 
tion pressures and heaving shales had to be overcome and a large 
amount of special equipment was developed for this work. 

Hydraulic rotary tables, which have come to be considered as 
part of pressure drilling equipment, were available from three 
manufacturers in the U.S.A., and one or other of these types was 
used on all pressure drilling work with the exception of that carried 
out in Persia. A great deal of ingenuity was displayed in new 
designs of packer heads for packing between the casing and the 
drill pipe, and heads suitable for both flush joint and collared 
drill pipe were produced and successfully tested out. Wire line 
snubbing equipments were replaced by hydraulically operated 
outfits, and the speed of snubbing operations was thereby con- 
siderably improved and the risks reduced. 

One of the major difficulties with pressure drilling equipment was 
with the beans which control the mud outflow from the casing, 
the life of the parts, particularly when drilling through sandstone, 
being only a few hours. To overcome this, closed circulation systems 
were employed with separators to take out the cuttings. The most 
successful type of separator consisted of lengths of large diameter 
casing through which the mud fluid had a very low speed. Two 
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sets of pipes were provided so that one could be cleaned out while 
the other was in use ; ample mud doors were fitted for this purpose, 

The problem of fishing under pressure had a large amount of 
thought and attention and special devices were produced for 
measuring the depth of a break in the drill pipe and for plugging 
at that depth so that the top portion of the fish could be withdrawn, 

Heads were produced for running both flush joint and collared 
casing under pressure and the design of casing packer-plugs for 
fitting near the shoe of the cemented string was improved. 

Though satisfactory results wese obtained in some areas with the 
heads for running collared drill pipe and casing under pressure, 
flush-joint drill pipe and casing were used to a considerable extent. 
Tool joints and thread designs were improved to give flush-joint 
pipe a strength almost equivalent to that of collared pipe.®’ 

The problem of drilling vertical holes was solved within practical 
limits and it is now possible in almost any formation to drill well 
which do not deviate more than a few degrees ffom the vertical 
The use of instruments for recording and indicating speed, feed, 
torque and bit weight was continued, but the most important factor 
in the maintenance of straight hole was the concentration of all 
necessary drilling weight at the bottom of the drill string in the 
form of heavy, long drill collars. 

Inclinometers of both directional and non-directional types for 
use in open or closed hole were further developed to a high degree 
of accuracy so that the trend of the well could be followed bit by 
bit during drilling and the line of the well from top to bottom could 
be accurately surveyed on completion. New directional inclino 
meters of three types were produced, one being an acid bottle with 
a floating magnet,’ a second embodying an induction compass? ani 
a third having a swinging compass with photographic means d 
recording a series of readings.’ Inclinometers of two types embody- 
ing gyroscopic compasses continued in use as did numerous types d 
non-directional indicators for running inside drill pipe and obtaining 
a reading each time the bit was withdrawn. 

The success of the control methods adopted for keeping well 
vertical and an incentive in the way of oil zones inaccessible t 
vertically drilled holes prompted attempts to deviate wells in! 
definite direction and by a definite amount." In the eazrlie 
attempts, the natural tendency of rotary wells to drift up-di 
assisted in attaining the objective, but skill was so soon attainel 
by the drillers on this work that they were able later to force well 
to follow a down-dip or cross-dip course to any pre-selected point 
The methods adopted varied considerably ; generally the deviation 
itself was obtained by using light drill collars and carrying exces 
weight on the bit and the direction was controlled by the alternatt 
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use of two types of bits which tended to process in different 
directions. Where these simple methods were not successful, such 
devices as bent drill collars, ‘‘ side hill ’’ and specially dressed bits, 
knuckle joints and oriented whipstocks were used. Progress of the 
hole was checked frequently by directional inclinometers and these 
instruments were also used successfully for the setting of whipstocks. 


Directed drilling for oil production was carried out at Huntington 
Beach, Mount Poso, Santa Fe Springs and Long Beach, California. 
It was also successfully employed for the killing of a cratered well 
in the Conroe Field by drilling into the producing strata near the 
bottom of the wild well and flooding it with water. Two wells 
oriented in different directions to give a 300-ft. spacing at the 
producing strata have been drilled from one derrick, this course 
being followed to save the cost of additional rig foundations in 
maritime drilling.!* 


A considerable amount of off-shore drilling was carried out in 
California and Texas.’415 Several different types of derrick and 
rig foundations were used, from concrete mats in marshy areas to 
heavy reinforced single-legged foundations in depths of water up 
to 36ft. Electric power was generally employed on this drilling and, 
where a supply from the shore was not available, was obtained from 
Diesel /Electric or similar power plants set up on barges. Production 
was sometimes taken into barges and sometimes into tanks on piled 
foundations. The cost per well of foundations and approaches at 
Elwood, California, was in the neighbourhood of $55,000 and the 
drilling cost $30,000. In Burma, an extensive river training 
scheme was in course of development to reclaim drillable areas on 
the banks of the Irrawaddy River. 


Though flush sampling has continued to give good results in some 
areas, in others the evidence has proved unreliable and more coring 
has consequently been necessary. This led to a demand, which was 
met by manufacturers towards the end of the year, for core drills 
which would give a greater percentage recovery. Investigation'® 
showed that percentage recovery bore a direct relation to core size 
and all new designs consequently allowed for a much larger core. 
Other investigations suggested that a heavier core barrel run below 
heavy drill collars would give still better results, but experiments 
in this direction are still being made and no definite data are 
available. Core bits of the full gauge of the hole were used success- 
fully in some areas and resulted in a considerable reduction in 
coring costs. 

The statement of a problem is generally recognised as a big step 
towards its solution and the appreciation of the situation as given 
in Abraham’s paper on mud?? read before the World Petroleum 
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Congress and in other published articles must be taken as a gauge 
of the progress made during the year. 

Intensive scientific research was initiated in several areas and q 
considerable advance in the knowledge of the behaviour of muds 
under different conditions and treatments has been made, but so 
far little has been published on the scientific side. 

On the practical side it was found that closed-in well-head 
pressures and mud heads gave an exaggerated figure for formation 
pressure! and that formation pressures at any depth rarely exceeded 
an equivalent head of pure water; therefore, that light muds of 
low viscosity and slow gelation gave better control than the heavier 
more viscous muds previously used. 

Blow-outs were generally ascribed to the gas-cutting of the mud 
in circulation?® to the lowering of the fluid level in the hole when 
withdrawing drill pipe and to the swabbing action of a balled-up 
bit, rock bit or large core barrel when withdrawn at too great a 
speed. 

Maust” showed that gas-cutting cannot be prevented and that the 
quantity of gas in the rock actually removed while drilling may be 
sufficient to reduce mud weight to the danger point in one circuit 
through the well. Recirculation of gas-cut mud would result in 
its further lightening, and the problem therefore was to find 
the best means of removing gas from the mud at the surface. 
Mechanical devices such as vibrating screens and degassing tower 
were found of some assistance, but satisfactory conditioning was 
only found possible, without taking the mud out of circulation 
and subjecting it to special treatment, when using muds of lov 
viscosity weighted to give control of the gas in formation already 
penetrated and to retain the mud sheaths on the walls of the hole. 

Chemicals came more into use both for reducing viscosity and 
the tendency to gelation when dealing with gas and for the control 
of heaving shales. Bentonitic materials were largely used 
where an increase in viscosity and gelling properties was required 
to prevent loss of circulation in open strata or to prevent the rapid 
settling out of mud loading materials.“  Barytes was most 
commonly used for the weighting, but very satisfactory results 
were obtained in one area with amorphous iron oxide which itself 
has good colloidal properties and consequently a low rate a 
settling.*4 

Attempts were made to seal porous formation permanently by 
injecting sodium silicate followed by dilute hydrochloric acid and, 
though results were not conclusive, experiments along these lines 
were being continued.”® 

Careful investigation on several wells in the Mid-Continent 
area showed that from two to six times the calculated amount of 
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DRILLING. 52k 
material for the size of hole being drilled was brought up with 
improperly conditioned mud. Not only did this make it extremely 
dificult to recognise from flush samples the strata being drilled, 
but it probably increased drilling costs, which were estimated to 
have a closer relation with the amount of material removed than 
with the depth.*¢ 

The importance of using correct mud fluids to meet the continu- 
ally changing conditions during drilling was so well recognised 
at the close of the year, that far-reaching developments are 
confidently expected in 1934. 

The increase in the depth of wells drilled during the year necessi- 
tated reconsideration and to some extent the remodelling of 
cementing practice.”” 


Record Strings of Casing Cemented, 





Record Depth Weight in Pounds. 
in Feet. Per Foot. Total. D. 
4800 75 360,000 22-0 
6763 68 459,884 18-3 
7142 61 435,662 15-9 
$8460 46-5 393,390 12-1 
9645 30 and 36 310,350 9-3 
9777 29-2 285,488 8-8 
9302 22-9 213,016 7-6 


D. Diameter of hole which will give an annular space between casing and 
wall equal in area to the inside of the casing. Pipe thickness deducted. 


These long strings necessitated the use of very large quantities 
of cement both for shutting off water at the shoe and for supporting 
the casing against collapse: to avoid risks of premature setting, 
eforts were concentrated on increasing speed of mixing and 
placing the cement. The higher temperatures encountered at 
depth proved an additional difficulty ; and notwithstanding special 
arrangements such as circulation of cooled mud before cementing 
and the use of ice in the mixing water, the setting-time of the 
cement fell so dangerously close to the time required for mixing 
ad placing that the development of other methods or other and 
slower-setting types of cement became necessary. 

This necessity produced ‘ multiple-stage cementing,” whereby 
two batches of cement were placed one after the other, the first 
tound the shoe in the ordinary way, and the second above the first 
through spring controlled valves in the casing at the required 
height. Two sizes of plugs were used, the first having small bodies 
with large cups which would pass a restriction just below the 
valve opening in the casing, and the second being larger, so that 
they held up at the restriction. A slip joint was provided in the 
tasing in the way of the valves, so that they could be temporarily 
stopped while the first batch of cement was being placed. This 
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arrangement was used successfully in the cementing of several 
long strings of casing.?* 

Though considerable interest was displayed and a good deal of 
experimental work was carried out, no improvement in the cement 
itself was effected. Ordinary Portland cement was used almost 
exclusively, and a greater initial setting time than 1}? hrs. at 
temperatures rising from 90° F. to 180° F. at a rate of 1° F. per 
minute could not be obtained. Experiments were, however, stil 
being continued at the close of the year, and as both the Institution 
of Petroleum Technologists and the British Standards Institution 
were collaborating in efforts to produce a specification for a mor 
suitable cement, there is every hope of an early development, and 
the production of a cement suitable for the high temperatures and 
resistant to the destructive action of the sulphur compounds found 
in the oils and gases in many areas. Meantime, the tentative 
specification outlined by Reid before the World Petroleum Congress 
was found useful for ensuring that Portland cement obtained for 
well cementing had the best possible properties for that work.” 

There were certain changes in the more normal cementing 
practice with the object of eliminating or reducing the number d 
failures. These took the form of : (a) reaming out the hole fora 
distance of 20 to 50 ft. above the shoe; (6) the fitting of devices 
to centralise the casing in the hole; and (c) the moving of the 
casing continuously during cementing. 

There was some difference of opinion on the latter count, but 
generally the movement of casing appeared to be favoured wher 
the dead weight of the pipe did not impose dangerous stresses on 
the top joint of casing. Accurate pressure records certainly 
showed that less pressure was required when casing was movilg, 
and suggested that channelling was being prevented by the 
movement. 

The advantages of the enlarged hole at the shoe were generally 
recognised ; in fact, recent successes in one area were attributed 
largely to this and to the use of devices for centring the casing i 
the hole. Some operators favoured the seating of the casing shoe 
in a small hole below the enlarged portion, and found the practice 
successful, provided that a careful watch was kept to see that the 
crushing loads on the bottom lengths of casing did not exceed 4 
safe limit. The general use of weight indicators made this practitt 
reasonably safe. Hydraulically operated wall scrapers were largely 
used for increasing the size of the hole and generally stood up wel 
to the work. 

The reduction in speed of the cement through the enlarged 
passage near the shoe tended to encourage an early set and to avoid 
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this shoes provided with tangential openings were fitted to give 
the cement a whirling motion.*° 

The cementing of combination water/oil strings of solid and 
screened pipe was regularly carried out on a number of fields with 
the objects of reducing casing costs, of speeding up the bringing 
in of production or of effecting a second cementation where the 
first had been damaged by the subsequent drilling operations. To 
permit of proper cleaning of the formation behind the screen pipe, 
a cement lining was sometimes fitted as the screen was lowered 
into the well. After circulation behind the screen, this lining was 
drilled out with a small bit attached to the production tubing. 

The cementing of casing in cable-tool wells, receementing and 
plugging were generally carried out through tubing, the only 
development in this practice being the use in some areas of flush- 
joint tubing and packing heads in place of cement traps for retaining 
pressure on the cement while tubing was raised and washed out.* 

A modification of the “ flow tester,” used on drill pipe for tests 
of possible producing sands without setting casing, was developed 
and successfully used at Ventura Avenue, California, for the testing 
of cementations. ‘The tool, consisting of the ordinary type of 
“flow tester” fitted with a hook wall packer in place of the “ rat 
hole” packer, was set just above the shoe of the cemented string 
and tests of water flow over periods up to half an hour were taken. 
Reliable results were obtained in much shorter time than was 
possible by bailing. The method is particularly applicable to deep 
wells, 

Despite a period of retrenchment which checked experimental 
work, the development was continued of drilling equipment to 
meet the requirements of deeper drilling. 

An eight-speed drawworks powered by a 14 in. by 14 in. twin- 
cylinder drilling engine was tried out and proved. Very high 
hoisting speeds were obtained and in the low gears there was ample 
power for handling the largest and heaviest strings of casing. 
Little improvement was made in drawworks brakes, but an 
hydraulic attachment similar in principle to the Froude Dynamo- 
meter was produced and applied so as to limit the falling speed of 
the load and to relieve the drawworks brakes of the greater part 
of their work. A braking effect of over 2000 H.P. was obtained.*4 

The standard in derrick height remained at 136 ft., but as in 
past years a few derricks of 177 ft. and higher were erected. Steel 
was utilised to a greater extent and there is a clear tendency towards 
the elimination of wood in all forms of derrick and rig structures. 

Wire lines 1-} in. dia. were used to a greater extent, but the 1-in. 
line remained the standard for all but the deepest work as it showed 
lower ton mile costs. 
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Experiments continued with direct and Diesel/Electric drive 
arrangements where fuel oil supplies were costly and water scarce. 
In Mexico a number of wells were successfully completed to between 
4000 and 5000 ft. with a direct Diesel-driven outfit, but, despite 
the low fuel consumption, the plant is not economical for general 
use on account of its high cost.*®*.*® 

Electric power continued in favour for ordinary straight drilling 
work, but the lack of flexibility ruled it out for special work such 
as pressure drilling for which steam was used even on otherwise 
completely electrified fields. Drilling and pump motors increased 
in size to 200H.P. and electrically-operated contactor gear 
controlled by a master controller replaced the manually-operated 
controller and reversing contactor. 

Preliminary tests were made of a special arrangement designed 
to give steam engine characteristics to an electric drive for power. 
driven slush pumps and encouraging results were obtained. Further 
progress in this direction is necessary before electric power can be 
used for all types of drilling work. 

Careful study was made of the stresses set up in drill pipe during 
drilling*®’ and of the strength of various types of tool joints.** The 
investigations indicated that drill pipe, in good condition, of 
existing types was fully able to withstand the tension, compression 
and torsion stresses normally applied during drilling and that most 
failures occurred owing to the stresses set up by flexure of the pipe 
in oversize hole close above the drill collar where the weight of the 
drill collar was less than that required for drilling. Full use was 
made of the instruments for recording weight, torque, speed and 
footage during the tests and it was concluded that a large percentage 
of failures could be eliminated and that much straighter holes could 
be drilled by the use of long and heavy-drill collars. 

Pressure drilling and very deep drilling brought out the need for 
stronger flush tool joints and ordinary and flush joints with larger 
bore. Many new designs were developed by manufacturers and 
towards the end of the year, the A.P.I. decided to go into the 
question of the standardization of full hole and flush joints. 4 
method of comparing the strength of different designs by calcula- 
tion was developed by Dawson and explained in his paper read 
before the World Petroleum Congress. 
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Progress in Scientific Development, Control and Production 
from Oil Field Reservoirs. 


By C. A. P. SourHweti, M.C., B.Sc., F.G.S. (Member), and 
Ceci JoHN May, Ph.D., A.R.C.Sce., A.1.C. 


The past year has not been remarkable for any outstanding 
development in methods of scientific control of reservoirs ; it has 
heen rather more a question of progress being made in research 
investigations initiated in previous years. 

Of these the most interesting is the determination of conditions 
f gas equilibrium in reservoirs, and the importance of the 
application of data obtained is being more generally appreciated. 
In certain limestone fields it has been found that the gas-oil ratio 
is dependent upon the saturation pressure, which varies in different 
parts of a reservoir, being primarily controlled by the initial dome 
pressure of the field before production started. The variations 
mentioned were found to be dependent upon the extent to which 
convection currents in different parts of the field allowed the 
reservoir crude to maintain equilibrium with the gas in the gas 
dome. 

These investigations, which were fully described in papers 
presented to the World Petroleum Congress in July, 1933, were 
based on bottom-hole samples collected under full reservoir 
pressure. The collection of samples under these conditions also 
permitted the direct determination of the physical properties 
ié., specific gravity, viscosity, and surface tension) of the 
reservoir crude in relation to gas content. 

Conditions in sandstone reservoirs may differ in some important 
respects from those in limestone reservoirs, and little is yet known 
a to the extent to which, as development of a sandstone reservoir 
proceeds, gas tends to migrate up dip to form—or extend an 
ilready existing—‘ free gas” cap, and oil tends to migrate down 
lip. There is general agreement that as development of well- 
lefined sandstone structures proceeds wells drilled near tne top of 
the structure show higher and higher gas-oil ratios, but it is 
loubtful whether any appreciable quantity of oil is pushed down 
lip by the formation or extension of a crestal gas cap. 

In these circumstances the problem of how and when the oil 
in the more crestal areas can be recovered with least wastage of 
gas becomes important, and the relative merits of different schemes 
of unit development were discussed in a paper read to the World 
Petroleum Congress.? 

In the United States, the practical advantages of such know- 
kdge for purposes of proration and control schemes have also been 
walised. Although not yet in general use, bottom-hole sample 
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takers have been successfully run in the Hobbs and East Texas 
fields during the past year. Of particular interest is the fact that 
the crude in the East Texas field is undersaturated with gas. 
The practical significance of conditions of undersaturation is 
that a large bottom-hole pressure drop in individual wells is 
permissible. 

The use of bottom-hole pressure gauges has, during the past 
year, become quite general for proration purposes ; no outstanding 
advances in instrumental design have been published. 

The better understanding of gas phase equilibrium in reservoirs 
has led to the general conclusion that the so-called ‘‘ white oil ” 
in deep-seated high-pressure reservoirs is a condensate from the 
dome gas and that its production is uneconomic in that it involves 
an undue waste of reservoir energy. Advances in drilling technique 
under high pressure have permitted such wells to be deepened 
through the gas dome to normal crude production, the gas being 
packed off. The study of physical conditions in reservoirs has, 
however, proved the existence of definite and separate horizons 
in certain fields. In West Texas, for example, wells which had gone 
to water have been brought back to oil production by packing off 
upper horizons, previously believed to be in free reservoir 
connection. 

An increasing amount of attention is being paid to the con- 
servation of reservoir energy by the scientific control of production. 
The advantage of unit control of individual fields from this point 
of view was stressed at the World Petroleum Congress in a paper 
on the Scientific Control of Oilfields. 

Sub-Surface Measurements.—The primary necessity is, of course, 
the collection of data as to underground conditions and _ the 
physical properties of the reservoir crude. Strong”? discusses 
the influence of topographic and geological factors on under- 
ground temperatures and mentions the effects of the thermal 
properties of rocks and of oil seepages and water influx. Details 
of a number of instruments for the measurement of sub-surface 
pressures have been published2> Of these, the manometric 
type has the advantages of small external diameter and open 
scale, while instruments incorporating spring-loaded pistons, 
diaphragms, or Bourdon tubes are in general larger and somewhat 
less sensitive, but are capable of giving continuous records of 
pressure changes. 

Methods have been described for obtaining bottom-hole samples 
under pressure.**+5 Pym‘ and Comins® discuss the variations 
in the dissolved gas content in different parts of the same lime- 
stone reservoir under the influence of production ; they show that 
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with free convection the saturation pressure of the oil is sub- 
stantially independent of the depth, while in the tighter zones it 
is equal to hydrostatic pressure up to a limit fixed by the original 
condition in the field. This fact 1s evidently of considerable 
importance in estimating the decline curves of individual wells 
and also the rate of fall of gas pressure over the field as a whole, 
since the tendency to approach true equilibrium will partially 
offset a fall of pressure due to production. It is debatable whether 
similar relations can usefully be considered in the case of a sand 
field. 

Properties of Gas and Reservoir Crude.—Comins,* summarising 
research in Persia, and Lindsly,’ publishing experimental results 
from a number of American fields, draw attention to considerable 
divergences between gas solubility curves obtained by releasing 
gas from oil initially saturated to high pressures and those obtained 
by dissolving dome gas in crude separated at atmospheric pressure. 
They also point out that the loss of heavy constituents from the 
crude can be considerably reduced (where the flow head pressures 
are sufficiently high) by separating gas in a number of stages instead 
of by single flash. Thus, Comins records a reduction of some 
12 per cent. in the volume of gas removed and of 1} per cent. in 
the density of the resulting crude on separating oil initially 
saturated at 460 lb./sq. in. in a large number of stages, as opposed 
to single flash. The application of the concept of fugacity to gas- 
liquid equilibria has been outlined by Lewis* with special 
reference to oilfield problems; data are given enabling more 
accurate calculations to be made (particularly at high pressures) 
than can be obtained by the application of Raoult’s law, which 
is a limiting case of the fundamental equation ; further reference 
may be made to a paper by Katz and Brown.® Some physical 
properties of various natural gases have been studied by Johnson 
and Berwald—deviations from Boyle’s law’ and _ viscosities.” 
(See also Dayhuff.2*) Experimental data are presented by Sage, 
Lacey and Schaafsma*¢ for the vapour-liquid equilibria of mixtures 
of methane and propane under high temperatures and pressures, 
with a discussion of critical conditions, it being shown that, for a 
mixture, the critical point does not coincide with either the 
maximum pressure or the maximum temperature at which both 
phases can co-exist. It is pointed out that in repressuring, some 
transference of the more volatile constituents of the oil to the 
vapour phase might be expected to occur. 

A number of investigators have studied the effect of dissolved 
gas on the physical properties of crude oil. Relatively large 
reductions in viscosity, density and surface tension are reported, 
with correspondingly large effects on migration and ultimate 
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recovery. For example, in the case of Persian crude, there is 
recorded a difference of some 4 per cent. in density and 30 per cent. 
in surface tension between degassed crude and reservoir crude 
containing 40 volumes of dissolved gas. Here again, the use 
of bottom-hole samples, as opposed to regassed well-head crude, 
is of importance. Jones!® describes an electro-magnetic balance 
for the measurement of surface tensions and densities under 
pressure. Lacey," reviewing his earlier work on the subject, 
emphasised the importance from this point of view of maintaining 
the gas pressure in the field. In connection with repressuring, 
he also gives” further details of his important work on the rates 
of diffusion of gases in solution, with experimental values of 
diffusion constants. Lindsly® describes the results of experiments 
on the compressibility of crude and the change in volume of oil 
on solution of gas. The importance of such fundamental work 
can scarcely be over-estimated. Until quite recently there has 
been a remarkable lack of quantitative data on some of the 
physical properties which determine the behaviour of oil and gas 
in the reservoir. While it will necessarily take a considerable 
time to accumulate a really comprehensive set of results, it repre- 
sents a considerable advance to have available even the order of 
magnitude of such quantities as the rate of diffusion of methane 
in solution and the reduction of surface tension in solution of gas. 
It is, for example, evident from the small diffusion coefficient 
measured by Lacey, that repressuring can have but little effect 
on the dissolved gas content of the crude in a reservoir. 


Migration of Oil—Fancher and Lewis" have studied liquid flow 
through porous media, both natural and artificially prepared. 
They show that it is possible to arrive at an effective mean diameter 
for the path and to distinguish stream line and turbulent regions 
in accordance with the ordinary Reynold’s criterion. Versluys"* 
has outlined the factors governing the formation of depletion 
zones in oil sands as a result of production and their bearing on 
well pressures, water encroachment, etc. The mathematical theory 
of unsteady flow has been treated by Hurst!5 and by Muskat,” 
who consider the rate of propagation of a pressure change through 
a compressible fluid, and calculate typical curves for the variation 
in well pressure and cumulative production. The theory (which 
is similar to that for the flow of heat) is derived for homogeneous 
fluids and is shown to be capable of explaining pressure varia- 
tions in such a field as East Texas, in which the oil is undersaturated. 
Wright?‘ discusses the Jamin effect and claims that it is inoperative 
in the case of petroleum moving towards a flowing well, since the 
sand grains remain wet throughout ; this is contrary to Herold’s 
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conception of capillary control, but agrees with Jamin’s experi- 
ments and the reasoning of Versluys. 

Flow of Oil-Gas Mixtures—Recent developments in producing 
methods have been largely directed by the increased use of sub- 
surface measurements and by the evolution of methods of 
calculating the flow of oil-gas mixtures. 

It is generally agreed that to obtain the maximum ultimate 
production from a field the gas-oil ratio should be kept as low 
as possible,*.34 although it has been pointed out that in certain 
eases too great a reduction in the amount of gas produced may 
result in a complete cessation of the supply of oil.¢ The minimum 
gas-oil ratio evidently corresponds to the dissolved gas content 
of the crude® which, as shown by Comins® and Pym,‘ may vary 
from point to point in the same reservoir. 

As mentioned above, the designs of a number of bottom-hole 
samples takers for use in determining this minimum gas-oil ratio 
have been described in the course of the year, and increased attention 
has been paid to the measurement of bottom-hole differential 
pressures®,?-19,20,31,32,33 which determine the amount of excess gas 
produced over the minimum. 

This work, together with the tendency towards restriction of 
production on economic grounds, has necessitated the control 
of production between finer limits, and the mechanical efficiency 
of flow has, therefore, become of increasing importance. A number 
of papers on the flow of oil-gas mixtures have been published 
during the year. 

Versluys'® describes the fundamental principles of the gas 
lift and!’ supports his earlier contention that foams containing 
more than 50 per cent. of gas are unstable, it being assumed that 
under the influence of surface tension the gas bubbles are not 
appreciably distorted from the spherical shape. Moore and 
Schilthuis'* conclude that the results of experimental work on 
small-scale artificial gas lifts are not directly applicable to field 
work, and that the distribution of gas in a flowing well is such 
that slippage is very greatly reduced and must be calculated on the 
basis of relative velocity between a part of the gas and a stable 
foam, rather than between the whole of the gas and oil. They 
also deduce an empirical equation for friction. Lindsly> and 
May and Laird® discuss the calculation of available energy from 
the expansion curve for total fluid, rather than from gas solubility 
curves. May and Laird publish the results of experimental work 
in Persia with a detailed discussion of the theory of flowing wells. 
They conclude that Fanning’s equation holds for friction with a 
constant friction factor independent of the gas-oil ratio at high 
tates of flow, and that stable foams with negligible slippage are 
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formed at gas-oil ratios in excess of 1:1. They also discuss the 
effect of variations in saturation pressure on the available lift and 
the critical throughput of beans. Reistle and Hayes!® describe the 
results of measurements of sub-surface temperatures and pressures 
in East Texas and give methods of calculating pressure drops, 
based largely on the work of Moore and Schilthuis and Lindsly. 
Shaw” gives a study of bottom-hole flowing pressures in the 
Seminole Field related to production rates, flow string sizes, ete., 
and*! discusses gas lift operations in general, and suggests further 
applications of the intermittent system. The important conclusion 
is reached in two independent investigations*"* that in natural 
flow the energy lost due to slippage is less than in an artificial 
gas lift with the same ratio of free gas to oil—due to differences 
in the distribution of the two phases. 

3ased on these experimental studies, methods for the calculation 
of flow string sizes have been produced.'® Edminster*® also gives 
an approximate graphical method. 

The use of bottoni-hole chokes has been further extended, 
and Otis*’ states that it is possible to choke to lower rates of flow 
by this means than with surface choking only, and that there isa 
limit to the amount of choking that can successfully be applied. 
No work appears to have been published on the relative advantages 
of the use of bottom-hole chokes and of properly designed flow 
strings. 

At the other extreme, where gas-oil ratios do not vary greatly 
with production, some attention has been paid to the reduction 
of surface energy losses. May and Laird* have given a calculation 
tor the maximum throughput of a bean which applies either to 
surface or bottom-hole choking and fixes a minimum to the size 
of offtake line from a well for a given production. 

The use of formation packers has proved successful in reducing 
gas-oil ratios in the Hobbs Field.** 

Gas Lift—No outstanding innovations have been reported 
in connection with gas lift during the year. Probably the most 
noteworthy tendency has been the increased extension to small 
wells of a method primarily more suitable for large producers, 
coupled with greater concentration on the theoretical aspect 
And adequate summary of recent tendencies is contained in three 
papers presented at the World Petroleum Congress.?73%” 

There is some divergence of opinion as to the merits of tapered 
tubing, Shaw*! considering that it is more efficient, but not 80 
much so as to offset its intrinsic disadvantages, while Hayward* 
and Moore and Schilthuis® agree that nearly equal efficiency cat 
be obtained with a suitable uniform string. Hawkins** gives 4 
method for designing very small tapered flow strings (from } in. 
upwards), but according to Marsh” it is not invariably successful 
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The increased use of intermittent gas lift and displacement 
pumping is reported or suggested for small wells; the latter in 
particular, towards the end of the life of a well, since it exerts no 
direct back pressure on the formation, is more efficient and cheaper 
than direct lift. Further advantages claimed for this method**® 
are practical elimination of emulsification problems and negligible 
stripping of the crude. 

Walling*® gives a comparison between displacement pumping 
and direct gas lift in a particular case, showing a saving of 60 per 
cent. in gas input in favour of the former method with an increase 
of about 20 per cent. in the gasoline content of the oil, but mentions 
that the point at which conversion from the one method to the 
other becomes profitable depends on local conditions. 

Shaw** states that the efficiency of direct gas lift is approximately 
proportional to the submergence. For a 4000 ft. well he gives about 
500 barrels per day as the lowest production at which direct lift is 
likely to be successful, and suggests displacement pumping for 
anything less than 150 barrels per day. 

Pumping.—A number of papers have been published in the course 
of the year dealing with this branch of production practice. Apart 
from those dealing with purely detail modifications of plant, etc., 
in individual fields, attention has been largely concentrated on the 
problems raised by the curtailment of production. Some interest 
has also been shown in the newer systems developed in the past 
year or two for the lifting of oil without the use of sucker rods. 

Leeden, in a series of articles,4> gives a mathematical study of 
pumping problems with a general discussion of the most suitable 
type of prime mover, a consideration of the variables involved 
in the rating and selection of pumping equipment, efficiency and 
cost. An outline of some of the more important features of design 
is given by Marsh, and further reference may be made to papers 
by Thomas,** Shaw?* and Robinson.* 

With regard to the restriction of production, Mills** states that 
slow-speed pumping has proved of value, and reports*® that the 
use of small electric motors in slow pumping operations has resulted 
in the surprising discovery that counterbalancing does not reduce 
power costs—at any rate when lifting heavy and viscous oils. 
Bennett points out that slow running should not be attained 
at the expense of the efficiency of the prime mover, but by the 
selection of a suitable power transmission assembly, while Allen™ 
discusses the choice of correct pump diameter to give maximum 
efficiency. 

The advantages of electric drive over gas or steam engines are 
discussed by Weaver, and Lane** deals with various safety 
devices, etc., desirable on such an installation. 
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Some of the recently developed methods are briefly discussed 
by Shaw,?5 who gives detailed references. These include the 
‘motorised ” drive employed in the Sante Fé Springs Field, in 
which the electric motor acts as a counterbalance; the Gage 
hydraulic pump operated in the Fruitvale Field, California, in 
which the pump, situated at the foot of the well, is operated 
hydraulically from the surface with the complete elimination of 
sucker red troubles; the Reda pump, in which both electric motor 
and pump can be lowered into the well up to depths of some 
2500 ft., at which depth it has a capacity of up to 3000 barrels per 
day. Reference is also made to the use of a compressed air 
cylinder and piston for lifting the sucker rod string, which is 
claimed to result in steadier operation and fewer breakages than 
when using the beam pump. A more detailed description is given 
by Thomson.*4 

Gas Drives and Repressuring—The use of gas drives and re- 
pressuring represents another phase of the increased attention 
that is being paid to the conservation of gas in the production of 
oil. Reference has already been made to a number of papers 
dealing with the energy due to dissolved gas and with the corre- 
sponding variations in physical properties of the crude (reduced 
surface tension, viscosity, etc.), which tend to promote drainage 
towards the wells. Lacey’s important work on the rate of 
diffusion of methane in solution has emphasised the fact that 
pressure maintenance is of much greater value than pressure 
restoration, since gas in only slowly reabsorbed by oil, except in 
thin layers. Shaw®* and Walling®® give outlines of the principle 
of repressuring maintenance with brief descriptions of typical 
examples, but no new data from large-scale operations appear 
to be available from which conclusions as to the advantages of 
the method can be drawn. 

A further summary of the known facts on repressuring is given 
by Shaw in Petroleum Engineer 

With regard to gas drive, Shaw states that the most pronounced 
results appear to have been obtained in fields where the original 
pressure was low and where the percentage of recovery has been 
low. He also suggests that gas drive increases the total ultimate 
recovery and not merely the rate of recovery. Walling suggests 
that the use of air may have the intrinsic advantage of enabling 
its passage through the sand to be traced by analysis of casing- 
head gas, leading to better control. 

Conine®® describes the use of air-gas drives in the Pennsylvanian 
fields and records promising results. 

Water Drive.—Artificial water drive continues to be employed 
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successfully in the Bradford Field, but there have been no large- 
scale applications elsewhere. 

Nowels** describes the development and present methods of 
operation and for the modern artificially-pressured five-spot spacing 
claims an increased recovery of the probable order of 50 per cent. 
over the old natural flood using hydrostatic pressure alone and the 
same spacing. He estimates that efficient flooding is capable 
of recovering some 40 per cent. of the total oil content of the 
sand ; typical production curves are given and a brief discussion 
of theories as to the shape of the flood zone. He concludes that 
ultimate recovery is a function primarily of the pressure used, 
but points out that an alternative theory is also current, which 
would require the production to be independent of the pressure 
and flood pattern used, given sufficient time. 

Terrey®’ also discusses the Bradford Field, with particular 
reference to the effect of local variations in porosity, permeability, 
etc. He considers that the failure of natural flooding under hydro- 
static pressure to maintain production is due to the precipitation 
of mineral salts and a corresponding reduction in permeability. 
Generally, a comparatively pure water is used for artificial 
flooding, and in particular it must be clear and free from suspended 
matter®*; some form of filtration is usually employed and a 
protective coating is advisable in the tubing, etc., to prevent the 
formation of further sediment due to corrosion. 


Care of Weills.—Apart from the recent development of acid 
treatment the general methods of cleaning wells, etc., have not 
undergone much change. In papers published during the year the 
causes of paraffination have been reviewed,®*® but the usual methods 
of control still remain—maintenance of temperature in the well by 
keeping the flowing pressure as high as is practicable, or by pre- 
heating the gas supply to a gas lift ; and the injection of chemicals 
to retard deposition on the tubing if the temperature is unavoid- 
ably lowered. One advantage claimed for the Gage hydraulic 
pump is the circulation of hot oil within the producing string.*® 
If it is not possible to prevent the formation of a deposit, either 
scraping® or the use of a solvent is resorted to in order to keep 
it under control. A method has been described for utilising the 
excess pressure in the casing for the injection of chemicals into 
the tubing of a well for paraffin control. In one of the Kansas 
fields experiments have been made on the injection of alkaline 
solutions with a view to retarding the heavy corrosion there 
experienced. ® 

Various new and modified methods of water analysis have been 
published,®.® and a general discussion of the origin and 
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characteristics of petroleum waters, their analysis and interpre. 
tation.*4 

Of very recent development is the successful treatment of wells 
with acid as a means of increasing production. It is stated that 
from 60 to 90 per cent. of the total pressure drop from the outer 
drainage limits of the well to the hole occurs in the first 10 ft 
from the well.** The pressure drop can therefore be largely reduced 
by opening up the formation over a comparatively limited area. 


The general procedure involves blanketing the bottom of the well 
in order to concentrate the action in the pay sand itself, followed 
by the injection of acid under pressure. Hydrochloric acid is 
employed, its concentration and amount being determined by the 
type of formation it is required to attack, quantities of the order 
of 2000 gallons with a concentration of 10 per cent. to 15 per cent. 
being commonly used ; it is stated that dolomitic formations give 
rather more trouble than reservoir rocks containing a_ higher 
percentage of calcium carbonate.** It is necessary to add an 
inhibitor to prevent the attack of casing, pumps, etc. (such 
inhibitor may consist of compounds of arsenic, cyanides, organic 
nitrogen or sulphur compounds, etc.).* A solvent for paraffin 
is also sometimes of advantage. 

The method is still in its infancy and there are outstanding 
difficulties, due, for example, to the precipitation of calcium 
chloride, and other products of the reaction in the pores of the 
rock. It is, however, asserted that in favourable circumstances 
increases of up to 50 per cent. in the drainage areas of individual 
wells may be expected with a concomitant large reduction in 
production costs. Reference may also be made to papers by 
Swindell®® and Chapman.” 

Oil- Water Separation.—General methods of dealing with emulsions 
remain substantially unaltered. Van der Minne” has given 4 
review of the causes of the formation of emulsions and the various 
methods available for their separation, including a brief outline 
of the mathematical theory of demulsification. 

Various designs of separators and heaters have been de- 
scribed,™.%.74 but no new principles are involved. Indirect 
(steam) heating has been used with advantage in one field, while 
it is stated that good separation is obtainable without heating 
at wells in the Hobbs pool. No further extensions of the electrical 
method have been reported. 

Walling’> claims practical elimination of emulsification 4 
one of the major advantages of displacement pumping applied 
to small wells, and supports his statement with examples. 
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Production Technique. 
By E. A. SaTCHELL (Member) and StanLey H. CHAPMAN (Member). 


In the U.S.A., and in other parts of the world, the depression 
during the year 1933 made for invention. An immense production, 
combined with trade depression, trailing in its wake under- 
consumption and lower prices for crude, necessitated lower costs 
and more efficient methods of production, especially for small wells 
and large wells under restricted flow. 

No. outstanding inventions in production technique were 
recorded in 1933, but conventional pumping equipment, such as 
pumping off the beam of standard rigs, special pumping units, 
pumping powers, prime movers, the metallurgy of sucker rods, 
and working barrels and pumps, were all thoroughly overhauled 
and in cases redesigned.? 

SuRFACE PuMPING EQuIPMENT. 

A new design in surface prime movers is the so-called ** Rotator ”’ 
pump.* As wiil be seen in Fig. 1, the prime mover, an electric 
motor, rotates round the circumference of the gear. The rate of 
pumping is, of course, regulated by the speed of the motor and by 
the ratio between the two-geared wheels, the revolving one on the 
motor and the fixed one round the mainshaft. The special ingenuity 
of this pumping unit is that the motor and its base, in their path 
round the gearing, act as a counterbalance to the pump. For 
pulling rods and tubing, as is the more economical practice, a 
portable pulling machine must be used. 

For pumping wells off the beam, all steel standard rigs, equal in 
strength to 6-in. rig-iron wooden standard rigs, are used where 
pumping conditions demand, but, in place of the old 12 ft. dia. 
band-wheel with 16-in. face, driven by belt, roller-chain and 
sprocket drive made in great range of sizes, capacities, and speeds, 
is becoming general practice. The sprockets are usually split for 
ease in changing and a necessary arrangement is embodied for 
taking up slack in chain. Where gas or oil engines or electric 
motors are used, a suitable countershaft, reverse and reduction 
gear for pulling rods and tubing are included. The main 
advantage of these steel pumping rigs is, no doubt, low 
maintenance and longer life. 

Compact geared pumping units of various designs and weights 
with twin-crank herringbone gearing driven from Tex rope-drive 
for motor or oil engines are used. Some of these are mounted on 
built-up steel sills and others on cast iron one-piece foundations 
Fig. 2), 
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As steel is gradually taking the place of wood for drilling rigs and 
pumping outfits, so cement foundations have superseded wooden 
sills. 

In electric plant the International General Electric Company and 
the Westinghouse Company have introduced two-speed motors 
unit control and single reduction gear for pumping from the beam 





ROTATOR PUMPING UNIT. 


and for use on pumping powers. Slow-speed electric-drive with 
line-start squirrel cage induction motors driven by v-belt driv 
has also been installed for pumping off the beam. 

Pumping powers have followed the general machinery practice 
of having the eccentrics and gear entirely enclosed in an oil bath 
and equipped with roller bearings and forced lubrication, as wil 
be seen from Figs. 3 and 4. 

Being enclosed enables the power to be set low down in the pit 
thus allowing the pull rods to be near the ground. 

Six-cylinder gas engines suitably placed so as not to interfer 
with pull rods are also being tried. 
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PuMPING SPEED. 

Great attention has been paid to critical-speed pumping, 
volumetric efficiency and stretch of rods. Slow-speed pumping 
by means of low-powered motors has become quite common, and 
appears to havesolved the problem, or, at any rate, helped to reduce 
the breaking of rods which a year or two ago centered so much 
attention on constant velocity cycle. In this connection also it is 
more fully realised that a properly balanced well or pumping power 
can be run more economically, as it requires less horse-power and 
that there is less grief on rods and plant. 





Fia. 4. 


CRANK TYPE TIMKEN BEARING UNIT POWERED BY A 100 H.P. GAS ENGINE. 
“OIL AND GAS J.,” 23.2.33. 


On single pumping rigs, for greater stability, the counter-balance 
weights are being placed low down on the pitman rather than on 
the back of the beam. 


WELL TUBING. 


Seamless external upset tubing with 10 threads is becoming 
more general for deeper wells. The use also of external upset 
seamless tubing has largely overcome joint failures and split welds, 
and where severe corrosive conditions prevail, galvanised external 
upset seamless steel tubing is advocated. 
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A suggestion was made last year at an A.P.I. Meeting, in Chicago, 
that a standard might be adopted on tubing smaller than 1} in., 
which is now being used to some extent. However, some operators 
stated that line pipe was proving satisfactory and therefore no 
action was taken. 

Pumps. 

Plunger pumps with and without cups, both with and without 
“garbutt ’’ rods, all elaborations of the original standing and 
working valve type, are still largely used when and where it does 
not pay to employ intermittent gas or air lift.° In this connection, 
Table I. shows the operation and behaviour of six wells before and 
after conversion from direct gas lift to producing with displacement 
pumps. 


TaBLe I, 


Daily Gasoline 
Daily production Input content Gasoline 
production on dis- as Liiting Lifting G.L. content 
Well on direct placement direct Input ratio ratio before after 
No. gas-lift. P. gas-lift. inter. gas-lift. inter. convs. convs. 
1 35 32 121,000 34,000 3460 1080 350% 42-:0% 
19 19 47,000 17,950 2480 935 35:0% 440% 
s 20 32 113,000 26,060 5565 $15 Not tested 
4 51 46 111,000 26,210 2180 570 26:0%  30-0% 
5 78 82 131,000 35,300 1680 430 §=.29:0% = 33 1-0% 
6 6103 96 108,000 51,360 1050 535 310% 35:0% 
Total 306 307 631,000 191,880 2060 624 — — 





Nickel-alloy, nickel-iron and chromium-nickel alloy are fairly 
common for working barrels, balls and seats especially where 
sulphurous crudes are being pumped. Special hard alloys are also 
being used to delay corrosion.® Illustrations of some latest type 
pumps are given in Fig. 5. 

Proper Diameter of Pumps.—Much thought has been given to 
this subject by engineers whose companies have to rely on the pump 
actuated by sucker rods. Mr. Austin Allen, Junior, Bartlesville, 
Oklahoma, read a paper’ before the A.P.1. on February 17th and 
18th, 1933, extracts from which follow :— 

“Rod Breakage.—Given the same surface equipment with 
reasonable flexibility as to the length of pumping stroke, and the 
number of strokes per minute at which the well can be pumped, 
there are several ways of reducing this sucker rod breakage. Either 
by slowing down the well and increasing the volumetric efficiency 
of the pump by keeping the pump in a better state of repair which 
usually requires more well servicing. By increasing the length of 
stroke and reducing the number of strokes per minute which 
practically always causes more surface rig trouble, and usually 
requires smaller pulley size and more surface counterbalance and 
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heavy equipment throughout. Or to reduce the effective diameter 
of the pump and use a slightly longer stroke, if necessary.” 

“ By using a pump of smaller effective diameter the upstroke 
load is reduced, while the downstroke load.remains approximately 
the same, thus materially reducing the amount of counterbalance 
required, and enabling the prevailing type counterbalance, that is 
dead load and crank, more closely to balance the well, allowing a 
more uniform flow of power through the surface transmission 
equipment.” 

He then gives a list of wells in which it was not necessary 
materially to increase the length of the stroke or number of strokes 
to obtain the same fluid from the well as was previously produced 
with larger effective diameter pumps. Another point he brings out 
is the advantage gained by running at the right speed to obtain 
the maximum stroke. 

“ Another factor that enables these wells to produce the same 
amount of fluid, with a reduced effective diameter pump at approxi- 
materly the same pumping speed, was the increased plunger stroke 
obtained. In one case the plunger actually bumped both ends of 
the working barrel, showing a plunger stroke relative to the cylinder 
of 84 in. with only a 72-in. polish rod stroke. The plunger stroke 
relative to the working barrel was found to increase at a rapid rate 
after 22 72-in. strokes per min. was reached. This condition brings 
out the possibility of running the well at a speed at which the 
deceleration of the sucker rods during the lower half of the down- 
stroke is sufficient to throw them into enough tension as they come 
to a stop at the bottom of the stroke to insure that they will be 
more elongated at the bottom of the plunger stroke than at the top, 
thus giving greater plunger travel for the same maximum rod 
stress.” 

Then follow examples of trouble caused by the uneconomical 
practice of running pumping equipment under excessive loads and, 
after going into the mathematics of the subject, he gives us an oil- 
well displacement table and shows how that the deeper the well 
the more care in choice of correct pump diameter is necessary 
for economical and efficient pumping with sucker rods. 


Sucker Rops. 

No changes of importance have been made by the A.P.I. in the 
design of sucker rods. The usual sizes of -in., }-in. and {-in 
according to depth continue in vogue. The double pin and coupling 
is becoming general, as, apart from first cost, the advantages of this 
type over the box and pin are overwhelming. They are easier t0 
manufacture ; the coupling can be made of different material and 
treated to resist external abrasion. As yet no recommendations 
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have been made by the A.P.1. for the chemical and physical 
properties of sucker rods, but a vast amount of research work was 
carried out in 1933 and is still continuing on the steel or steel 

















PUMP DYNAMOMETER., 


alloys used in rods. New grades of wrought iron are being tried 
to resist erosion and fatigue on shallower wells that pump 
sulphurous crudes. High carbon steel with 1 per cent. and 2 pet 
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cent. manganese, low carbon steels with high manganese content, 
nickel and other corrosion and fatigue-resisting alloys, various 
grades of steel with various types of heat treatment, normalising 
and quenching have all been tried. 


WEIGHING WELLS TO DETERMINE Rop AND EqQutpMENT Loaps. 

The pump dynamometer® (Fig. 6), comprising hydraulic lever- 
type scales, when applied to a pumping well will give an indicator 
card of the pump action, showing directly the rod load at every 
portion of the pumping stroke. Determination of these figures 
enables the setting of proper speeds and strokes, and installation 
of proper type and weight of counterbalances both for maximum 
power efficiency and for minimum rod loads. 


New Propuction METHODS. 


From new studies of old methods we now proceed to the considera- 
tion of newer production methods ; firstly, that of running tubing 
under pressure followed by some economic practices in raising 
oil to the surface with special reference to small wells. 

Running Tubing Under Pressure and Bottom-Hole Beaning.— 
Following directly on pressure drilling and running casing under 
pressure, dealt with elsewhere, we have running tubing under 
pressure.? Where it is inadvisable or impossible to kill the well 
with mud, some new designs have lately been worked out and tried 
for running tubing under pressure. This operation necessitates a 
suitable blow-out preventor, snubbing apparatus, plug to be placed 
in the bottom of the tubing so that it can be easily removed as soon 
as the tubing is set, and a tubing head which can be set below the 
blow-out preventor and snubbing apparatus. 

These were very fully described at the World Petroleum Congress 
and, in particular, we would refer to a Cameron 3-stage blow-out 
preventor with hydraulic snubber, a Seamark static blow-out 
preventor, two suitable tubing heads and a new OWECO hydraulic 
snubber. 

A new plug for use in tubing wells under pressure, which may 
be released by a fishing tool and brought to the surface, has been 
introduced. This appears to be an improvement on the ordinary 
cast iron or plate glass discs which have to be broken up before 
bringing the well into production, and should be very useful for 
changing bottom-hole chokes, one of which, the OTIS, is described!” 
and illustrated (Fig. 7). This choke is in the form of a wall packer 
with inverted “U” cups and dogs to grip the walls and can be 
tun to any depth in the tubing, and there tripped and also 
recovered without disturbing the tubing. 
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tubing at the bottom when the surface valve is closed. Another 
advantage of this bottom-hole flow regulator is that the weil will 
start to flow when opened without having to agitate by swabbing 
or other means. It is also said to be useful for small wells when 
there is barely enough gas to ensure flow. In this connection we 
give the behaviour of two wells, one in the Buena Vista Hills field, 
California, a “‘mist’’ well having enormous gas/oil ratio, and 
another with a gas/oil ratio of 1400-1500 cu. ft. per barrel, with 
surface and bottom-hole choking.” 

“In the Buena Vista Hills field, California, one well had been 
pumping for about two years prior to the installation of a bottom- 
hole choke on July 5th, 1932. On that date a }-in. choke, which 
was run in the well on a sand line rather than on the customary 
small diameter steel measuring line, was set 3200 ft. in 2}-in. tubing. 
Though swabbing had to be resorted to in order to get the well to 
start flowing, it has been flowing continuously ever since. Here 
is a record of the data taken from the well :— 


Pumping. Flowing. 
Operating pressure, casing .. “é 73 Ib. 320 Ib. 
Operating pressure, tubing - — 5 Ib. 
Oil produced daily _ — 8 bri. 8 brl. 
Water produced daily i koa 6 bri. 6 bri. 
Gas produced daily a .. 637,000 cu. ft. 402,000 eu. ft. 
Gas/oil ratio per br. ae aa 79,625 ,, 50,250 ,, 
Gas/fluid ratio per brl. os oa 45,500 ,, 25,125 ,, 


“In the West Coyote Field, California, the use of a #-in. choke 
at 5385 ft. in 2}-in. tubing was the means of enabling a well to flow 
naturally that previously had been produced by pumping. A 
record of the results on this well is as follows :— 


Pumping. Flowing. 
Operating pressure, casing .. oe - 700-750 Ib. 
Operating pressure, tubing .. ce — 0-75 lb. 
Oil produced daily _ os 250 bri. 288 bri. 
Water produced daily “a ae 25 bri. 25 bri. 
Gas produced daily o- .. 300,000 cu. ft. 250,000 cu. ft. 
Gas/oil ratio per br. ina .. 1400-1500 eu. ft. 1100 ,, 


An ingenious method of bottom-hole ‘“ stop cocking” for pro- 
longing the life of small wells where flow lines and trap pressures 
are less than 20 lb. is as follows :— 

A removable bottom-hole choke was converted into a bottom- 
hole valve with an effective opening for flowing at the rate of 
17 brls. hourly by threading a small vertical check-valve into the 
choke mandril. Lowering a 30-lb. weight, normally left suspended 
in the well on a Halliburton line, against the check-valve caused it 
to open and permit flow, while raising weight from the valve 
allowed pressure to close it. The well would flow every 45 min. 
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and clean itself almost down to the choke so that when the valve 
was opened to run the next day’s allowance the well had no difficulty 
in starting to flow. The pressure of the surface delivery was less 
than 10 lb.! ° 

Short descriptions of some new methods for raising oil are given 
in the following order :— 


(1) Chamber Lift, 

(2) Plunger Lift, 

(3) Syphon Lift and Venturi Throat, 

(4) Gage Hydraulic Oil Well Pump, 

(5) Reda Centrifugal and Duplex Reciprocating Pumps for Oil 
Wells, 

(6) Pneumatic Pumping Cylinder, 

(7) Application of the Jet Pump to Oil Well Pumping. 


Chamber Lift (Fig. 8)—Of methods using the stage-lift principle, 
this new application is worthy of mention. Unlike other air or 
gas lifts it puts no back-pressure on the sand, as a packer is used 
in the fluid where the collecting chamber is connected at the 
end of the tubing. When the incoming fluid has filled the collecting 
chamber, the air- or gas-valve is automatically opened by a float 
and the fluid expelled from the chamber through the tubing. As 
the tubing is empty between discharges it is entirely free from 
pressure, thus relieving the pressure on the sand. Chamber Lift 
has been used successfully with automatic intermitters and with 
great economy when combined with fluid level timers. 

Plunger Lift——In the Pettus Field, Texas, plunger lifts operated 
by injected gas have been further experimented with on wells of 
4000 ft. 

“ By H. W. Fletcher, Houston, Texas :— 

In an attempt to avoid the disadvantages inseparable from 
lifting systems where pressures of 1000 to 1500 lb. per sq. in. 
are common, a well-known tool company some years ago began a 
series of experiments which have culminated in the development 
of a new method of lifting fluid from deep wells. Fig. 9 illustrates 
the apparatus, which consists essentially of a special string of reamed 
tubing supported in a flow head and carrying at the lower end a 
footpiece. This tubing must be truly round and of accurate 
internal diameter, but is not necessarily highly polished. The 
coupling threads must be accurately aligned to avoid any offset 
in the bore of the two pipe ends joined by the coupling. It is not 
possible to use commercial pipe and couplings for this reason, 
as the pipe must be reamed full length to secure the necessary 
accuracy. Travelling in this tubing is a free plunger of stainless 
steel or some similar corrosion-resisting material, and consisting 











of 

val 
the 
foo 
al 


Th 


by t 
comy 
Th 
Th 


is at 
the 
plun; 
trap 



























PRODUCTION TECHNIQUE. 559 
alve of a hollow shell fitted at the lower end with a dart shaped check- 
ulty valve loosely held in place by a cage attached to the lower end of 
less the plunger sleeve. This plunger makes a complete trip from the 

footpiece to the flow-head and return each stroke, and brings up 
iven a relatively short column of fluid, say, 200 or 300 ft. at a time. 
The motive power is compressed gas, either furnished naturally 
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oe by the formation or supplied through the casing valve from a 
The compressor station or pipe line. 
Tset The operation of the equipment is as follows :— 
not The tubing is run into the hole to a point where the footpiece 
on, is at the desired distance below the estimated pumping level of 
ary the well, and the surface equipment assembled as shown. The 
less plunger is then inserted in the surge chamber and the plunger 
ting trap valve is slowly opened. When the gate of this valve has been 
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withdrawn a little more than half-way, the check valve in the plunger 
falls to the open position by gravity. As this gate is further 
withdrawn the entire plunger is released, and falls with a velocity 
of from 40 to 50 ft. per sec., until it reaches the fluid, and then 
with a speed of from 6 to 8 ft. per second until it reaches the seat. 
The plunger valve is so designed that it will not close while falling 
either through the gas in the tubing or through the fluid. When 
the plunger reaches the seat it seals the seat-opening and gas 
pressure consequently builds up under the plunger valve. A few 
pounds pressure is sufficient to raise this valve to the closed 
position and further increase in casing pressure is then exerted 
over the whole cross-section of the plunger, raising it with its load 
of fluid to the surface. When the top of the fluid column reached 
the slots in the nozzle the fluid spills off into the flow line, and as 
the load is reduced, the plunger rises more and more rapidly. 
Some oil accumulates in the stack directly above the nozzle and 
when the plunger finally passes the slots and strikes this oil the 
pressure set up in the plunger body opens the plunger valve and 
allows the plunger to again fall to bottom. The lifting pressure 
required is low and practically independent of the depth of the 
hole. On the other hand, the quantity of gas required depends 
largely on the distance through which the load is lifted, since the 
entire length of tubing must be filled with gas each stroke to a 
pressure equal to that which exists below the plunger at the time 
the plunger reaches the nozzle. In addition, there is a loss of gas 
while the plunger is falling which can be estimated with fair 
accuracy from the percentage of total cycle time during which 
the plunger is falling. It is not necessary that the plunger fit 
the tubing closely for the reason that the difference of pressure tending 
to force gas past the plunger is only that amount required to 
support the weight of the plunger alone, which is only 2 or 3 lb. 
per square inch, and because in travelling up the pipe a film of 
fluid is continuously wiped into the space between the plunger 
and tubing, maintaining a fluid seal that effectively prevents any 
gas leakage at so small a pressure difference. 

“ Lifting pressures need not be greater than 100 lb. per square 
inch, except where it is desired to produce more fluid than can 
be handled at the lower pressures. Field experiments to date have 
demonstrated that 500 cubic feet of gas per barrel of fluid for each 
1000 ft. of lift is ample to maintain steady operation, and several 
experiments have been made where satisfactory performance was 
secured with considerably less than 300 cubic feet of gas per barrel 
of fluid per 1000 ft. of lift. The operation of the equipment is 
inherently stable, that is the apparatus automatically adjusts 
the height of the fluid column picked up each stroke to a point 











562 PROGRESS OF NAPHTHOLOGY, 1933. 


where the available gas is just sufficient to supply the require. 
ments. Any reduction in the gas supply increases the fluid picked 
up each stroke and conversely an increase in gas supply reduces the 
pick-up. 

“A continuous record of the performance of this equipment is 
readily secured by installing a two-pen pressure recorder, one pen 
connected to the casing head and the other to the flow lines just 
ahead of the choke. The pumping level is accurately known at 
all times, since the number of feet of fluid picked up each stroke 
can be easily determined by dividing the total production by the 
number of strokes shown on the chart, which gives the amount of 
fluid lifted each stroke. Knowing the size of the tubing, it is simple 
to compute the number of feet of fluid picked up each stroke, 
and subtracting this figure from the total depth of the footpiece 
gives at once the effective pumping level for the day. 

‘Where formation gas is adequate in amount to produce the 
fluid production of the, well, the lifting costs with this equipment 
is obviously comparable with that of a flowing well. Where outside 
gas must be supplied to supplement formation gas, the lifting cost 
will depend, of course, on the cost of providing this gas at pressure, 
but here again the overall cost will be surprisingly low, partly 
because of the low pressures required, but largely because of the 
great reduction in maintenance, due to the fact that no parts of 
the equipment are highly stressed. Where gas is not available, 
compressed air may be used, except where salt water is encountered, 
in which case corrosion is so severe as to interfere with proper 
plunger action. Due to the fact that it is not possible to determine 
the pumping level in a given well in advance, several experimental 
settings are usually required to locate the proper position for the 
footpiece, but once this factor has been determined, the apparatus 
will function for long periods with a minimum of attention.” 

Syphon Lift and Venturi Throat—Another method for lifting 
oil and water has been tested in Texas on some 200 wells of varying 
depths and conditions by the use of syphon lift and venturi throat.” 
The principle involved is the use of a jet to draw the fluid from the 
bottom of the well and force it through a series of venturi throats 
which converts potential energy in compressed air or gas into 
kinetic energy of a high velocity column of gas and fluid, which 
in turn raises the fluid to the surface of the ground. The overall 
efficiency is said to be in the neighbourhood of 60 per cent. 

As will be seen by referring to Fig. 10, this syphon lift consists 
of a section of tubing about 2 ft. long into which an air or gas line 
is led from the outside, the line ending in a nozzle turned upwardly 
in the tubing. Above the nozzle is a series of venturi throats 
placed in line with the nozzle. The device described is placed 
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in the tubing string at the desired depth with tube running from 
the lower end of the tool to the bottom of the well to act as a suction 
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strapped, to a point above the fluid level, and ends there in a per- 
forated nipple. By this manner of installation the pressure in the 
annular space, either built up by the well itself or by outside means, 
is exerted downwardly on the fluid in the casing, thus creating an 
artificial submergence for the tool, while at the same time gas 
is passing through the external air line to the tool and raising 
the fluid to the surface. 

It seems that some extra mechanical advantage, over and above 
that of the jet, may be gained by the air or gas pressure exerted 
downward on the annular space and therefore may start a_ well 
flowing again after it has stopped. There would appear to be 
no advantage where gas pressure and volume are ample for 
operation. Also, as pointed out in the paper on “ Application of 
the Jet Pump to Oil Well Pumping,’’? the nozzle would soon get 
eut out by sand. The jet also is an ideal emulsion former. 

Submerged Prime Movers. Gage Hydraulic Oil Well Pump 
(Fig. 11)—Here we have a submerged prime mover operating 
on the principles of the hydraulic ram.14 Its special usefulness 
would appear to be for raising oil where paraffin wax and/or a 
crooked hole make the use of the sucker rod operated plunger 
pump uneconomical. The action and general layout of the pump 
can be seen from the illustration. Clean, heated oil is pumped down 
a macaroni pipe to an assembly set in the tubing above the ram. 
This assembly contains the necessary system of piloting valve, 
master valve, production and exhaust valves. The actual plunger 
below has a stroke of 7 ft. and is actuated in the ordinary manner 
of a hydraulic ram, and with each stroke forces about one-third of 
the oil to the surface. The suction and lifting action of the pump 
are controlled by means of the synchronising pilot and master 
valves, which in turn are actuated by the volume of clean vil 
circulated from the surface under pressure. A great advantage 
claimed for this method of pumping is that only the heated, clean 
crude, which is pumped down the macaroni string, comes into con- 
tact with the valves and surface of the plunger, thus eliminating 
any abrasive action from sand which comes into the well from the 
formation. ‘The pump referred to has an overall diameter of 
5fin. and is run on 3-in. tubing near to the bottom of a well 
completed at 4000 ft. The macaroni pipe can be lowered into 
the tubing after the latter has been run and screwed on to the 
pressure tube without difficulty, thus eliminating the awkward 
and lengthy operation of lowering both at the same time. The 
h.p. of the pump is said to be 15} and has an efficiency of 63 per 
cent. The production of the well is 375 barrels per day. A small 
2in. by 6 in. pump is used for circulating the hot oil which is driven 
by a 10 h.p. electric motor. Pressures vary according to the 
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position of the stroke from 100 to 380 lb. A vertical accumulator, 
to reduce the surge in the line, is connected into the oil circuit. 
In this particular instance, in order to deal with the paraffin, 
the crude is raised to a temperature of 150° F., and in circulation 
is said to lose 40°F. only. The above pump has been oper. 
ated continuously for fifteen months on the Fruitvale Field, 
California. 

Reda Centrifugal and Duplex Reciprocating Pumps for Oil Wells.— 
Two designs of Reda pumps have lately been introduced, the first 
being a new application of old design, namely, a centrifugal pump 
suitable for lowering into casing of reasonably large diameter, 
for raising comparatively large quantities of liquid against not 
too great a head and, secondly, a duplex reciprocating pump 
suitable for small quantities of oil from practically any depth.® 

Although it may be considered an advance in field technique 
to have designed successfully a centrifugal pump capable of being 
lowered through 8-in. casing on the bottom of tubing for raising 
oil and water from depths of 2500 ft., providing the submergence 
is sufficient, such wells can as easily be operated by air lift ; the 
choice of method of raising the liquid depending upon comparative 
cost of available electricity or compressed air. 

Centrifugal pumps are now in use for general practice capable 
of pumping against as high pressures as 1800 lb., but, owing to 
the limitations placed upon design by well-casing diameters, no 
such pumps and motor sets are available for lowering on tubing 
into wells of more than about 2500 ft. The introduction, there- 
fore, of a duplex reciprocating pumping equipment to handle small 
volumes of fluid from any depth is of great importance to operators 
in that it may solve the difficulty inherent with the use of sucker 
rods at depths over 6000 ft. 

One understands that there are still difficulties to overcome 
owing to overheating of the motor, which is not surprising with the 
high temperatures obtaining at these depths. The cables also 
must be costly as with cheap material short circuiting is likely 
to occur. 

One set (500 series) is made for wells with 6-in. casing and larger 
and weighs 600 lb., and another set (700 series) for 8-in. and over 
and weighs 1200lb. The complete unit consists of a motor, 
duplex power-head, duplex pump-head with liners, plungers and 
valves ; a three-conductor transmission cable and ordinary surface 
control. Motors range from 5 to 10 h.p. and 5 to 30 h.p. The 
duplex power-head has two gear reductions, one for 24 to 1 for 
150 strokes per minute with 3-in. stroke by 1}-in. diameter, and 
one for 18 to 1 for 200 strokes per minute with 4-in. stroke by 


2}-in. diameter, and are designed to eliminate sand trap and gas 
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lock. The capacities of these two designs (500 series) and (700 series) 
are given as follows :— 
500 Series. 
100 to 320 brls. per day from 2500 ft. at 150 strokes 
per min. 
140 brls. per day from 6000 ft. at 200 strokes per min. 
430 = # 2000 ft. 


1j-in. tubing 


700 Series. 
, , 218 brls. per day from 7500 ft. at 150 strokes per min. 
2-in. tubing , pes 
| 290 = - 7500 ft. at 200 = ™ 
Above figures are based on water, with which medium the 
following efficiencies are given :— 
Electric .. 75 to 85, according to load and depth. 


Mechanical 70 ,, 80, ™ * ™ 
Volumetric Said to be up to 100 per cent., according to gas and 
submergence. 


An overall efficiency of 40 to 70 per cent. 
The following data on a 43-day run of a 500 series unit are given :— 


Hours run per day .. .. 5 to 6 only owing to proration. 
Barrels per day... .. 38 to 42. 

KWH consumed per day .. 21 to 25. 

KWH per barrel .. .. 0-55. 


Cost per barrel at 1 cent. KWH rate, 0-0055 cents. 


Pneumatic Pumping Cylinder—A new adaption of the old- 
fashioned pumping head run on compressed air or gas has been 
tried out and found satisfactory in the Mid-Continent area.1¢ 
As can be seen from Fig. 12, the cylinder, which is a piston and 
system of cut-off valves, is hung from the crown block of the 
derrick and can be conveniently swung back when it is required 
to service the well. The air or gas supply pipe can be conveniently 
carried up inside one of the legs of the derrick, as in the case of 
rotary stand-pipe, and joined to the cylinder with an ordinary 
air or gas connection, including preferably a short section of 
flexible hose. 

Safety appliances for shutting off the gas or air in case of sucker 
rods breaking or other mishap have been well thought out and 
applied. 

Besides its obvious practicability and ease with which it can 
be installed, the most important advantage is that the length 
of stroke on the pump is limited only by the height of the derrick, 
ie., the pumping cylinder can be made to any desired length ; 
also, the absence of sudden and uneven stresses on the sucker 
rods, as shown on the illustration cards (Fig. 13), is very advan- 
tageous. The cost of installation is small. 

202 
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Application of the Jet Pump to Oil Well Pumping.—A very 
interesting paper was read at the third mid-year meeting of the 
American Petroleum Institute held on May 17th, 1933, by M. P. 
O’Brien and J. E. Gosline on the possible use of the jet pump to 
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PNEUMATIC PUMP CYLINDER. 


raise oil2* It was explained that the jet pump had not been used 
extensively in petroleum production in spite of its easy installation 
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and absence of moving parts because of a very general belief that 
its efficiency was prohibitively low and that it was not suited to 
the high heads encountered in this type of pumping, and the 
conclusions arrived at after reading the paper clearly showed that, 
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PNEUMATIC PUMPING CYLINDERS. 


owing to the very high velocity of the driving jet, the smallness 
of the nozzle and the necessity of a low viscosity oil, this method 
did not appear to be highly suitable. The nozzle would soon get 
cut out by sand and the jet was an ideal emulsion former. It was 
Suggested, however, that with increase in the size of the nozzle and 
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by using more jets a more satisfactory design for raising oil could 
be obtained. 


MEASUREMENT AND TRANSPORT OF OIL FROM CasING HEAD 10 
Fretps TANKS. 

Metering Individual Wells for Production on Kettleman Hiils.— 
In order to measure the production of oil and gas at the wells and 
at the same time to maintain the pressure to carry the oil and gas 
to storage, the following new method had been tried.” 

The oil and gas combined flow from the well at a pressure of 
550 Ib. and pass through two high-pressure traps (without valves) 
which are installed near the well. The gas is trapped and measured 
with an orifice meter. The oil, under almost its original line 
pressure, is also metered with a second orifice meter. The oil and 
gas are again combined and sent to a central trapping and storage 
location. Similar experiments have been made by using the 
conventional orifice meter for gas and to measure the oil flow 
with a special Ureka turbine type meter. The nature of the flow 
after metering and combining differs little from the flow before 
separation. Loss of pressure also in the trapping, metering and 
combining operations is said to be nominal. The main difficulties 
encountered in these experiments have been the spasmodic nature 
of the flow of oil and the continual presence of gas. 


Gas/O1L SEPARATORS. 

Vertical high-pressure and large capacity separators, which were 
not available a few years ago, can now be bought off the shelf for 
use in multiple separation. Few or no figures have been published 
on results obtained by multi-separation. No doubt research work 
is being transferred from the laboratory to field conditions, and 
certainly figures will vary on different fields. 

Speaking generally, no major changes have been made in the 
design of gas separators, but there has been a general tendency 
towards simplification. In all these designs separation is 
mechanical with variations in baffling and mist extraction arrange- 
ments and other details to fulfil local requirements, such as the 
inclusion of a steam coil to deal with paraffin wax or a bottom 
sump for collecting sand. 

In districts where corrosive elements are present which tend 
to corrode the balanced type of oil outlet valve, the use of stainless 
steel for this kind of valve and cast iron rotary valves overcome 
to a great extent this difficulty. 

In the United States operators have, each in their own area, 
retained the use of their original “ fancy,” and with the exception 
of fields far from manufacturing centres, mostly outside the U.S.A., 
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about six makes are used, all of the vertical type with automatic 
floats, either internal or external. 


DEWAXING FLow LINEs. 

The injection of a suitable chemical material into the tubing 
of pumping wells in Judkins Field, Ector County, Texas, which 
gave trouble with paraffin, is reported to have solved the problem 
of keeping the flow lines free.1® 


WATER AND OIL SEPARATION. 

Following the practice in vogue in Venezuela two years ago, 
and perhaps elsewhere, of separating small quantities of oil from 
water under pressure at the well, a water and oil separator under 
flowing pressure and mechanically controlled by float control 
valve is reported from Hobbs Field, Texas.1® This separator is of 
the horizontal type and is made up of 80 ft. of 12}-in. casing 
incorporated in the well flow line. 


FIELD TANKS. 

Following the improvement in welding technique, the A.P.I. 
Standardising Committee have now tentatively authorised the 
welding of bottoms of 8-ft. and 10-ft. diameter field tanks. In 
connection with “‘ all welded ” storage tanks of large size, it was 
pointed out that the majority of such tanks being built to-day 
in the U.S.A. are of this type of construction and this practice 
is being largely followed elsewhere. 

Bolted Tanks.—A.P.1. bolted tanks are now in use up to 
10,000 barrel capacity (55 ft. diameter by 24 ft. high). 

Pressure Tanks.®—The most recent development in pressure 
storage tanks is the radial cone tank. It has a cylindrical shell, 
a bottom consisting of a series of cone-shaped troughs and a roof 
made up of troughs similar to those in the bottom, except in an 
inverted position. 

The operation of a radial cone tank, like any other pressure 
container, is based on the fact that no loss can occur as long as the 
vent does not open It is for products that may be stored at gauge 
pressure up to 10 lb. per square inch, and can be built for 
capacities ranging from 30,000 to 80,000 barrels. It is obviously 
useful for storing very light and volatile products in large 
quantities and has the advantage of a cylindrical shell and fixed 
roof. Fig. 14 shows different types of storage for preventing 
evaporation. 

Gas-tight Roofs.—The extended use of gas-tight roofs is becoming 
general. 

Orifice Fittings in Flexible Separators.—A new useful fitting 
has lately been incorporated in orifice meters. By the installation 
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of this fitting the differential can be kept within the range where 
it will give the closest reading, and the continued use of the wrong 
size orifice is eliminated. The change of orifice is made without 
interruption of service; the plates can be readily cleaned when 
necessary. No by-pass around the meter setting is necessary. 
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TYPES OF STORAGE TANKS REQUIRED TO STOP EVAPORATION LOSS. 


Gas meters of the orifice type are being used in most oilfields 
of the world and are now fitted with an attachment to enable the 
orifices to be changed to meet varying flows without having to 
by-pass. 

With the necessary strict economy in production following the 
great depression, graphic recording instruments have played no 
small part in the year’s progress of production technique through- 
out the world. 


BottoM-HoLe PRESSURE RECORDERS, BotrtromM-HOLE 
SAMPLES, ETC. 

The improvement, mostly brought about by trial and error, 
in the design and reliability of instruments” for recording static 
reservoir pressures and bottom-hole pressure drop for the purpose 
of prorating wells in the U.S.A., and for statistical purposes in 
other countries of the world, occupied the time of many petroleum 
engineers during the last year. In the U.S.A. most of these 
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instruments make use of the Bourden tube and _ steel spring 
principles and are, therefore, accurate enough for prorating 
purposes, say, up to about -+1 per cent. 

Elsewhere a maximum reading pressure instrument, designed 
on the principle of Kelvin’s deep sea pressure gauge, is said to 
read corectly to about 1 lb. for every 1000 1b. pressure, and can 
therefore be used for giving correct six-monthly or yearly drop in 
reservoir pressures even where they are very slight. 

In Alberta, a gas company has evolved a light portable dead- 
weight pressure gauge,”* for which accuracy is claimed to within 
a few pounds in 2000 Ib. 

Instruments for taking samples in flowing or closed-in wells 
are still being experimented with but cannot yet be said to be 
leak-proof and, therefore, are not guaranteed to give true samples 
of crude as it exists in the reservoir. One, however, designed by 
the Field Staff of the Anglo-Persian Oil Company, Persia, claims 
to be leak-proof. 

Mast of the latest instruments for taking deep well readings are 
light enough to be run on a Halliburton line through a tight 
stuffing-box and can therefore give readings against a closed well- 
head. 

MISCELLANEOUS. 

Gun Perforator—The ability to produce from sands that have 
been originally shut off, through ignorance of their existence or 
error in appraising their capacity, behind, perhaps, two strings of 
casing and two cementations, has now been made easier by the 
invention of the gun perforator.4 This new tool consists of an 
alloy steel body with 8 or 12 separate firing units each of which 
shoots one 0-45-calibre steel bullet capable of penetrating casing 
and cement. The gun is run on an insulated cable, the firing of 
which is controlled in the ordinary way at the surface. The distance 
between shots can be spaced as required. One of the obvious 
advantages of this gun is that there is no risk of damaging the string 
of casing, as in the case of dynamiting, and that the penetration 
of the bullet is not confined, as in the standard perforator, to the 
diameter of the casing in which the instrument is lowered. 

Temporary Hooks-up.—For temporary and intermittent work, 
motor-car engines run on natural gas with a governor to equalise 
the load on the up and down stroke have been found quite satis- 
factory on the Rosecrans Field, 8. California25 An 8-gallon 
petrol tank as a standby is incorporated where the gas supply is 
uncertain. The fuel consumption for a given well, pumping 
22 strokes per minute with the engine running at 600 r.p.m., was 
3240 cubic feet of gas per 24 hours. The daily production was 


150 barrels. 
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Use of High-Pressure Gas.—On the Northern Deme at Kettleman 
Hills, high-pressure gas to boost low-pressure wells has been experi- 
mented with satisfactorily, and high-pressure gas from extra high 
gas/oil ratio wells being utilised to stimulate the flow from weak 
producers.*6 








Fic. 15. 


CHRISTMAS TREE AT STANDARD OIL COMPANY'S NO. 278-33J. ‘THIS IS A 
SIMPLIFIED INSTALLATION, BUT IT IS VERY EFFECTIVE. (B. MILLS, “ OIL 
WEEKLY,” 24.4.33). 


In Oklahoma City also, wells have been brought in through 
tubing by the use of high-pressure gas from adjoining wells. The 
following example may be quoted :— 

A well was completed with a string of 63-in. casing, set and 
cemented at about 6370 ft. and a flow string of 2}-in. tubing of 
about the same length fitted with P. & T. kick-off units of the two- 
way type placed every 300 ft. up the tubing from the bottom, with 
the top unit 970 ft. from the top of the hole. This tubing was 
connected with a gas line strung from an adjacent well located 
about 300ft. away, having a casing-head pressure of about 
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1300 lb. per square inch. This was the only compressed gas used 
in the subsequent operations and the highest pressure built up 
within the tubing at any time during the clean-out period was 
950 Ib. 


The same method was used successfully in Venezuela (in 1932) 
for bringing-in rotary wells in sand territory where pressure had 
fallen. It was found that wells that had taken weeks to bring in 
by the methods of bailing, swabbing or circulating oil, could be 
brought in by injecting high-pressure gas in the same number of 
hours. 

Christmas T'ree Fittings.—In cases where there is a combination 
of high pressure and a crude inclined to stick the valve, the 
“Merco”’ type of plug valve (lubricated cock) has been incor- 

rated on Christmas tree hooks-up. 
po . . . I . . . 

A new feature of interest in this type is the spring-loaded piston, 
which feeds the lubricant into the channels round the valve seat, 
being controlled automatically by the line pressure, thus maintain- 
ing a slightly higher pressure on the lubricant than on the liquid 
in the line. 

In Kettleman Hills, where previously strict economy was never 
so noticeable as in the Middle West and Texas, the complicated 
and expensive Christmas trees and surface fittings were simplified 
and cheapened without danger to the high-pressure wells they 
control (Fig. 15). 

REFERENCES. 

1Carr, Oil & Gas J., 23.2.33, 31 (40), 33. 

*Shirley, Oil & Gas J., 22.6.33, 32 (5), 49. 

Stockman, Oil & Gas J., 3.11.33, 81 (24), 14; Shaw, Proc. World Petr. 
Congr., 1933, 1, 489. 

* Bignell and Shirley, Oil & Gas J., 22.6.33, 32 (5), 37, 49. 

5 Walling, Proc. World Petr. Congr., 1933, 1, 482. 

® Shirley, Oil & Gas J., 22.6.33, 32 (5), 49. 

7 Allen, Oil Weekly, 20.2.33, 68 (10), 15. 

*0il & Gas J., 22.6.33, 82 (5), 78. 

*Cuthill, Proc. World Petr. Congr., 1933, 1, 506. 

” Cuthill, Proc. World Petr. Congr., 1933, 1, 506. 

4 Otis, Petr. Eng., April, 1933, 4 (7), 34. 

2 Anon., Oil & Gas J., 22.6.33, 32 (5), 78. 

3 Q’Brien and Gosline, A.P.I. Prod. Bull., 211, 34. 

M4 Mills, Oil Weekly, 17.10.32, 67 (5), 33. 

15 Shaw, Oil & Gas J., 22.6.33, 32 (5), 77. 

6 Bignell, Oil & Gas J., 13.10.32, 31 (21), 10-42. 

" Mills, Oil Weekly, 24.4.33, 69 (6), 15. 

18 Anon., Oil Weekly, 16.10.33, 71 (5), 24. 

# Anon., Oil Weekly, 23.8.32, 66 (10), 23. 

* Larson, Proc. World Petr. Congr., 1933, 1, 544. 

“1 Sawdon, Oil Weekly, 1.5.33, 69 (7), 23. 

® Hawthorn, Oil & Gas J., 20.4.33, $1 (48), 16. 

* Contribution from Messrs. Slipper and Patison to 8S. H. Chapman. 

* Whaley, A.P.I. Prod. Bull., 212, 103. 

6 Stockman, Oil & Gas J., 3.11.32, 81 (24), 14. 

*® Anon., Oil Weekly, 11.9.33, 70 (13), 22. 











576 








Transportation and Storage. 
By A. C. Hartiey, A.C.G.I., M.Inst.C.E., M.I.Mech.E. (Member), 


A general review of the published literature for the year 1933 
shows it to be notable more for steady improvement in the materials 
and methods of construction—already described in ‘ Progress 
of Naphthology—1933,” rather than for the introduction of any 
very new developments. 

PIPELINES. 

Materials and Construction.—Pipe specifications remain much 
as they were, and the majority of pipe used has been as specified 
in A.P.I. Pipeline Specification 5.L. 

Electrically-welded pipe has been made available in lengths 
up to 50 ft. It is claimed that pipe made by this process is entirely 
free from scale, and for this reason easier to protect against 
corrosion. 

Solid drawn seamless pipe has also been very extensively used, 
and with electrically-welded pipe has almost entirely superseded 
the older lap-welded pipe. 

Experimental and research work has been continued to deter- 
mine more accurately the effect on pumping pressures of viscosities 
and densities of gas and oil and also of the nature of the surface 
of the pipe, in order to obtain accurate data for pipeline calcula- 
tions. Much more accurate formule are now available for deter- 
mining pumping pressures under a great variety of conditions. 

There has been the same tendency to design the wall thickness 
to be just sufficiently strong to resist the internal fluid pressure, 
and protection against corrosion has been provided by the use of 
special coatings—as described later—rather than by extra thickness 
of steel. 

The stronger pipe now available and the better knowledge of 
operating conditions have made it possible to use larger diameter 
pipe for higher pressures than formerly. Pipe 12 in. in diameter 
has been freely used for pressures up to 700 Ib./sq. inch. 

Efforts have been continued to develop special corrosion-resisting 
steels at economic prices, but it has not yet been possible to use 
them on a large scale. 

Cement linings have also been tried for pipes intended to carty 
corrosive liquids, salt water, hydrogen sulphide mixtures, ete.’ 
These pipes, when new, have an unusually smooth interior finish, 
and are stated to give a greater throughput under a given head 
than unlined pipes of the same diameter. The behaviour of these 
pipes will be watched with great interest over a period of yeas, 

in view of the known corrosive effect of hydrocarbon gases on 
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concrete under certain conditions, but their development is 
particularly interesting in view of the importance of the corrosion 
problem in pipeline transportation. 

Welding may now be said to have completely superseded 
screwing as a means for making joints in main pipelines, and great 
improvements can again be recorded in both electric and oxy- 
acetylene welding plants and electrodes, which increase their 
reliability and ease of operation, whilst at the same time reducing 
maintenance costs and generally enabling costs of construction 
to be reduced. 

A notable feature in the development of electrodes has been that 
with some types the deposited metal has proved to be less susceptible 
to the effects of corrosion than the steel of the pipe itself. 

The “ double-bell ” type of joint with internal sleeve or backing- 
up ring has again been extensively used during the past year in 
many important pipelines, but several lines**.* have been welded 
with plain butt joints in order to avoid the expense of “ belling ” 
the ends of the pine at the mill. 

It has been found in the case of 8-in. pipe, 0-277 in. thick, that 
the best results were obtained with a bevel to form an included 
angle of 80° and leaving 3-in. shoulder on the end of each pipe. 
The pipes were lined up with their ends }-in. apart in suitable line-up 
clamps and were tack-welded at four points. The first bead was 
applied with }-in. electrodes, using 300 amperes current, followed 
by two more beads with -j-in. electrodes, using 400 amperes in 
the case of the “ rolled ’ welds. Three beads with #,-in. electrodes 
were used for the “ bell hole ’’ welds. 

Three beads have been used under such circumstances, chiefly 
to enable the weld metal to be built wp above the surface of the 
pipe and so compensate for any possible lack of penetration at 
the bottom of the bead, which might arise from the desire to avoid 
any possibility of icicles inside the pipe. 

Testing with air at 100 1b./sq. inch pressure and with oil at 
1200 Ib./sq. inch pressure maintained over a period of 24 hours 
has failed to disclose any leaks or breaks. 

Portable testing equipment has been further developed and has 
proved very useful in keeping the work of the welding gangs at 
a high state of efficiency, in spite of increased speeds of con- 
struction. 

In the case mentioned above, 210 miles of 8-in. pipe were 
completed in 75 days, that is, at the rate of 3 miles per day, by an 
average of 30 welders. 

The average number of “ rolled ” welds per day has been stated 
to be 56, and “ bell hole ” welds 20, and a record for any one 
man in any one day has been claimed to be 86. 
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It is little to be wondered at, therefore, that welding has super. 
seded screwed construction, particularly as experience has shown 
welded lines to require practically no maintenance, whereas screwed 
joints are always a cause of trouble. 


For pipework in and around pumping stations welding has 
been used wherever possible. Factory-made ‘“ tube turns ” have 
been used to eliminate as many flanges as possible, and where 
flanges have had to be used the joints have been tightened up 
by high-tensile steel bolts. This has enabled bolts to be worked 
at stresses much below their elastic limit, and has eliminated to 
a very great degree the stretch and consequent leaks which formerly 
occurred over a period of time. 


Pumping Stations.—The outstanding development of the previous 
year in pumping-station design was the development of the direct- 
connected motor-driven pump, known as the “ Rannett ” pump, 
and during the year its use has been very much extended. One 
pipeline company® has installed as many as 13 units, and owing 
to the portable nature of the unit has saved considerable capital 
expenditure by keeping one only as standby, to be conveyed by 
motor transport to any point along the line, and thus has avoided 
the necessity of duplicating the pumps at each pumping station. 
With this type of pump the usual pumphouse buildings, founda- 
tions and expensive auxiliary plant can be avoided. The ground 
required for the boosting station is reduced to something under 
an acre, instead of the 20 acres or more required by the usual 
type of pumping equipment, and there is no doubt that the use of 
this type of pumping unit will tend to increase in the future. 

The use of centrifugal pumps for main line pumping stations 
has tended to increase, owing both to the further extension of 
electrical transmission systems—noted in last year’s report— 
making cheap power available, and also to the remarkable improve- 
ments which have been made in Diesel engines as regards capital 
cost, reliability and economy of maintenance. 

One firm of Diesel engine makers states it has supplied two 
Diesel engines of 1525 h.p., two of 1200 h.p. and three of 750 hp. 
for driving centrifugal pumps through speed-up gears at recent 
pumping stations. 

A considerable amount of work has been done to ensure that the 
design of the transmission, including weight of flywheel, diameter 
of drive shaft, types of couplings, etc., is such that there will be no 
excessive stresses due to torsional oscillations at any speed at which 
the pumping unit will be required to run. This should eliminate 
serious troubles which have arisen in the past with this type of drive 
and so remove one of the chief objections to their use. 
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Diesel engine-driven generators have been used to supply power 
to electrically-driven centrifugal pumps.® 

In one recent station three 340 h.p. solid injection Diesel engines, 
running at 400 r.p.m. and direct-connected to 225 k.w. generators, 
have been used. The generators have been arranged for parallel 
operation for driving two 350 h.p. motor-driven centrifugal pumps 
running at 2600 r.p.m. 


Ingenious devices have been incorporated to enable the sets 
to be synchronised and one or more pumps to be started up by 
inexperienced operators. Economies have been obtained by 
running the generator sets at lower than the designed frequencies, 
and so controlling the speed of the pumps to suit the throughput 
required at any particular time. 

Great care continues to be given to the design of engine-cooling 
water systems, and they have been almost universally arranged 
torun on a closed system, thus avoiding any chance of the deposit 
of scale in the cooling water jackets. 

Heat has been taken out of the cooling water by means of heat 
exchangers, which according to circumstance operate on the oil 
being pumped or on an external supply of water. 

The temperature of the cooling water supplied to the engine 
has been controlled by regulating the amount of cooling medium 
in the heat exchanger, and keeping the amount of circulating water 
through the engines always at a maximum, rather than as previously 
by controlling the amount of water supplied to the engines. This 
has resulted in much improved operation, owing to the reduction 
of the risk of “‘ hot spots ’’ developing in the cooling water jackets. 


On large pipeline systems the tendency has been to provide 
a modern telephone or telegraph system at the pumping stations 
a an essential part of the company’s organisation. Automatic 
calling systems have now been made so robust and reliable that 
they can safely be used at pumping stations without running the 
tisk of excessive maintenance. 

Submarine Pipelines——There has been a considerable amount 
of submarine pipeline construction during the past year,’ and lines 
up to 16 in. in diameter and 4000 ft. long have been “ pulled.” 
In the case of long lines, the line has been made up in two sections 
side by side ; after the first section has been pulled out the second 
section has been rolled on to the launching ways and welded to the 
first section. 

Lines have been towed by means of tankers or barges equipped 
with towing winches. 
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Large diameter lines have a distinct buoyancy when empty 
and they have in some cases been loaded with sacks of sand to give 
them a negative buoyancy of about 3 lb./ft. when being launched.‘ 

Natural Gas Transport.—There are no revolutionary changes 
in the transportation of natural gas to be reported, and the 
tendencies to use high tensile steel—noted in the previous year— 
have continued. 





There has been an increasing tendency to make use of factory. 
made bends and to eliminate the use of flanges wherever possible. 
Where flanges have been essential, the welding neck type of flange 
has been used where possible. 

The construction and maintenance of natural gas lines has 
followed very generally the methods adopted for oil lines and 
methods of protection against corrosion have also been similar. 

The “ bottled’ gas industry and the distribution of liquefied 
gas by tank wagons has also increased rapidly. 

Maintenance of Pipelines and Corrosion.—Research and experi- 
mental work has again been very extensively carried out throughout 
the year with a view to determining the causes of corrosion and the 
best means for protecting pipe. This subject was dealt with very 
thoroughly at the fourteenth annual meeting of the American 
Petroleum Institute—Production Section—and is reported in their 
Production Bulletin, No. 212. 

The American Petroleum Institute Corrosion Committee started 
work in 1928, and the recent developments are summarised by 
Mr. Gordon N. Scott of the U.S. Bureau Standards, Washington, 
D.C., as follows :-— 

1. The recognition of the importance of proper application of 

coatings. 

2. The discovery of soil stresses. 

3. The classification of coatings as to behaviour during nation- 
wide test of protective coatings. 

4. The development of methods of examining coatings. 

5. The introduction of ways of forecasting the corrosive effects 
of soil. 

6. The better understanding of the phenomenon of pitting in 
relation to the properties of the soil, the time and the surface 
extent of exposure. 

The Institute proposes to continue its work on field coating tests 
because of their great importance in connection with the funda- 
mental engineering principles involved in the design and selection 
of protective coatings. 
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It is felt that future improvement may be anticipated through :— 

1. Metallurgy. 

2. The improved use of present materials. 

3. The standardization of tests with protective coatings. 

4. The development of a routine procedure for soil corrosion 
surveys. 

5. The further study of the effects of corrosion, especially with 
reference to the relation between test data and field experi- 
ence, 


. Cathodic protection. 
7. Better application of economic principles, 


It is proposed that all these activities, or fields for study, should 
be focused on the preparation of a comprehensive manual on 
pipe protection, and the issue of such a volume will be eagerly 
awaited. 

Two distinct and opposite policies appear to have been pursued 
by pipeline companies in connection with the coating of lines. 
Some companies have felt that the coating of lines throughout 
their length, irrespective of the type of soil through which they 
pass, is extravagant, and has not produced results commensurate 
with the cost. They have, therefore, limited their coatings to 
pipe in those types of soil which are particularly corrosive, such 
as alkali soils, tight soils which hold moisture, marsh and swamp 
land, trenches or water courses and ditches, fields or dumps of 
mixed soils, creeks or creek beds, ponds, and in any places where 
the line is subjected to alternate wetting and drying. They 
have also coated where the soil is liable to be acid owing to cinder 
fills, sewage disposal dumps, decaying vegetation, and where the 
pipe is liable to be affected by stray electric currents from electric 
railways or from other pipelines. Other companies, on the other 
hand, have continued to coat their pipe its full length. 

Oil has been used for many years for protecting tanks and steel 
work generally against corrosion, and for many years it had been 
thought that soil into which oil had leaked from joints or faulty 
pipes would be reduced in corrosive effect. It has, however, 
been found that soil soaked with oil becomes more corrosive, 
and the life of pipe has been reduced from about 20 years to 7 
years, or even 4 years. 

Pipeline companies are therefore paying more attention to the 
complete removal of oil-soaked ground from the ditch, and to 
its replacement by uncontaminated soil. It is now realised that 
corrosion following from oil leaks has accounted for an appreciable 
part of the maintenance work on screw coupled lines. 
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The tendency to adopt partial coating is probably due to the 
rather unsatisfactory pipe coating materials and methods of 
application which have been used in the past, and the poor degree 
of protection afforded. 

The development of more suitable coating enamels and wrappings, 
and particularly of improved methods of application which are 
now so rapid that they do not appreciably delay the pipeline 
gangs when constructing a new line, and therefore do not add 
such a large percentage to the total cost of the line, is leading to 
the re-adoption of the policy of coating lines their full length. 
This is particularly the case where pipeline companies are looking 
many years ahead, and where it is felt that soils which may not 
now be corrosive may become corrosive in the future, due to 
surface developments on the land and the possible introduction 
of stray electric currents. 

It is becoming more and more realised that where pipe coatings 
are damaged during laying, the corrosive effect on the parts of 
pipe exposed may be at very many times the rate of that which 
it would be on unprotected pipe. The whole corrosive effect 
of a certain area of the soil appears to become concentrated on 
the damaged portion. This is undoubtedly due to electrolysis 
effects, and has led to the development of electrical methods for 
the protection of pipelines against corrosion. This is referred to 
as the “ Cathodic ” method, and is dealt with in papers by Mr. 
Starr Thayer, of the United Gas System, Houston, Texas, and by 
Mr. Robert J. Kuhn, of the New Orleans Public Service, Inc., 
New Orleans, La.® 

“Cathodic” protection of pipelines is based on the theory 
that if a potential difference can be induced upon the pipeline 
so that the potential of the pipe is sufficiently lower than that 
of the adjacent soil, the pipe will be protected from all corrosive 
agents. Experience in laboratory and field tests indicates that 
0-3 volts difference in potential is sufficient to stop corrosion. 
In order to create this potential difference without an excess of 
power cost, it is necessary to have the line protected with a high 
resistance coating, and this is a further reason for the adoption 
of pipe protection throughout the length of lines by some companies. 

Future developments in ‘‘ Cathodic ”’ protection will be watched 
with great interest, since it would appear that it may prove to 
be an economic means for protecting a carefully coated line from 
the very serious effects resulting from local damage to the covering 

Interesting data with regard to the theory, application and 
costs of “ Cathodic”’ protection are given in the two papers referred 
to above. 
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When it is realised that there are 60,000 miles of trunk lines, 
varying in size from 6 in. to 12 in. in diameter, and 56,000 miles 
of gathering lines, varying in size from 2 in. to 12 in. in diameter, 
making 116,000 miles in all in the North American Continent 
alone, it is clear that a great deal of annual expense is incurred 
in maintenance. A paper, entitled ‘“‘The Maintenance of Oil 
Pipelines,” by William G. Heltzel, of the Stanolind Pipeline Co., 
Tulza, Oklahoma,?® is of great interest, and the chief points brought 
out are briefly summarised below. 

The chief development of recent years in reconditioning pipe- 
lines has been the adoption of electric welding for filling up pits 
and for putting on patches and sleeves. Electric welding has been 
used for repairing leaky screw collars, and it is interesting to note 
that experience with welded joints and pipelines has shown them 
to be immeasurably superior to the old screw coupled pipe; in 
fact, the majority of screwed pipe has been welded at the couplings 
whenever maintenance work has been carried out in recent years. 

The almost complete immunity from leaks in welded joints has 
heen another factor influencing the decision to adopt pipe protec- 
tion throughout the length of the line, one of the previous troubles 
having been with small leaks, which were almost inevitable in a 
screwed line, causing rapid deterioration to the pipe coatings. In 
past years, leaks in screwed lines have been dealt with by stuffing 
boxes, collar leak clamps, saddle clamps, caulking of couplings, 
ete., and the extended use of electric welding has enabled these 
temporary or emergency repairs to be replaced by more permanent 
welded patches and sleeves. 

During the past year there has, however, been a tendency to 
limit welding repairs by small patches in the field to repairing 
pipes which are not too deeply or too extensively pitted, and to 
sleeves for leaky couplings. Instead of putting on the very large 
patches previously used on seriously damaged pipe, the faulty 
lengths have been replaced as a whole. Where pipe has been 
seriously corroded, patching has only been used for temporary 
repairs to keep the line in commission until the corroded sections 
could be replaced, because experience has shown that the use of 
large patches has not been entirely satisfactory, as leaks have 
developed under the patches and they have failed under pressure. 

An extremely useful depth gauge has been developed by Mr. 
(. M. Scott and Mr. J. C. Stirling, of the Stanolind Pipeline Co., 
which enables the depth of a corrosion pit to be read with sufficient 
accuracy for all practical purposes by average workmen, and it 
has been found extremely useful by that company for the purpose 
of determining what method of repair should be adopted for any 
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particular case, or, alternatively, whether the pipe should be 
replaced altogether. 

As a general guide “ spot” welding of pits has been permitted 
if there has been 0-1 to 0-13 in. of wall thickness left, if there 
have not been more than 20 pits every 20 ft. length of pipe, and 
if the pitted section has not exceeded 200 ft., otherwise the entire 
length of pipe has been replaced. 

Small patches have been welded over pits having less than 
0-1 in. in wall thickness, if the number does not exceed 4 per 20 ft. 
and if not more than 200 ft. of pipe has been corroded, otherwise 
the entire length of pipe has been replaced. 

A great deal of useful information has been obtained by keeping 
accurate records of all reconditioning and repair work, and the 
necessity for keeping such records cannot be too strongly 
emphasised. 

One of the chief problems in maintaining pipelines when exten- 
sive replacements have to be made has been draining the line. 
A very useful device—developed by Mr. J. E. Polston and Mr. 
A. M. Hill, of the Stanolind Pipeline Co., and called the “ Hill- 
Polston ” tapping device—has enabled a line to be tapped under 
pressure. A specially designed forged steel nipple is first electrically 
welded to the pipeline, one end of which is shaped to fit the curvature 
of the pipe, and the other end has a special thread on the inside 
and the standard 3-in. thread on the outside. A 3-in. high-pressure 
gate valve is screwed on to the nipple, and the tapping device with 
the stuffing box is screwed on to the other side of the valve. The 
valve is opened and a 2 in. hole is drilled through the pipe bya 
ratchet type of drill; the drill is then drawn back through the 
valve and the valve is closed. The tapping device is disconnected 
from the valve and the necessary pipes are connected to allow the 
transfer of the oil. After transfer has been completed, the tapping 
device is screwed into the valve again for the purpose of screwing 
a specially designed solid forged steel plug into the inside thread 
of the nipple previously welded to the line. After the plug ha 
been tested for tightness, the tapping device is unscrewed and the 
valve removed. A 3-in. coupling and * bull” plug is screwed on 
to the outside thread of the nipple to protect the inside plug from 
mechanical damage or corrosion. 

A specially designed low pressure high capacity two-stage motor 
driven centrifugal pump has been developed to enable oil to le 
transferred from one line to another as rapidly as possible, and 
reduce the time necessary for emptying the line. Flexible steel 
hose has been generally used, and much time has been saved on 
the older methods. 
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Where it has been impossible to transfer oil from one line to 
another, a plug has been made in the line by filling it for a length 
of 8/12 ft. with a quick setting conerete, mixed in the proportion 
of one part of cement to three parts of sand. Nipples of the type 
just described have been tapped into the line on either side of the 
plug, and the oil transferred from one side of the plug to the other 
to enable new line and a gate valve to be fitted. 

Equipment and tools used for maintenance work have been 
greatly improved, particularly heavy duty tractors, equipped 
with booms and winches, which have been fitted with Diesel 
engines and made more economical. 

The use of a “ cradle’’ slung from the tractor has been found 
very valuable for supporting the line during cleaning and coating 
operations. The “ cradle ”’ rolls along and supports the line as the 
tractor keeps moving ahead. 

Several new lines have been constructed during the year by the 
we of pipe recovered from old lines. When these old lines have 
heen dismantled, the usual practice has been to cut out either all 
the screw couplings or every other coupling. If every coupling 
has been cut out, the 20 ft. lengths of pipe have usually been 
welded into 40 ft. lengths before the pipe has been moved to the 
new line. If a coupling has been left in the pipe, it has usually 
heen electrically welded at both sides to make the joint more 
permanent. An automatic oxy-acetylene machine has proved very 
weful for cutting and bevelling old pipe. The pipe has been care 
fully cleaned, inspected and classified into ‘A’? Grade—second-hand 
pipe, having no pits in it more than 0-075in. deep, and “B” 
(irade—second-hand pipe, having pits less than 0-13in. deep. All 
pipe having pits greater than 0-13 in. deep has been scrapped. 
The pipe has generally been bevelled to a 37° bevel during the 
cutting operation, and then electrically butt welded. Grade * B” 
pipe has usually been protected before being lowered into the trench, 
and has generally been used along higher elevations of the line where 
failures would cause the least damage. 

A new type of cleaning machine has been developed by the 
W.K.M. Co., which has on occasions cleaned 10-in. and 12-in. pipe 
at an average rate of about 6000 ft. per 9-hour working day. It 
has been used behind a heavy duty tractor, equipped with a boom 
and *‘ cradle,” so arranged that the tractor and cleaning machine 
move forward without the delay of stopping to lower the line on 
kids and to move forward to pick it up in advance. 

An interesting machine has been developed by Mr. J. B. W. 
‘ardiner, for applying hot coatings of asphalt or coal tar to pipe- 
lines, which has proved in a recent practical test on a 10-in. line 
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to be a very great advance over the usual methods of hand applica. 
tion, which are slow and liable to cause injuries to workmen and 
waste of coating. The machine also appears to reduce the tendency 
for gas bubbles and voids to be formed in the coating. 

Hand-operated wrapping machines for applying spiral wrapping 
have also been further developed, and as much as 8000 ft. of 10-in. 
or 12-in. pipe has been wrapped in a period of 8 hours. 

Mr. Heltzel gives it as his view that although the Industry has 
been justified during recent years in following the policy of coating 
lines only in corrosive areas, there are good reasons for believing 
that pipeline companies will again use coatings for the full lengtl 
of lines, chiefly because satisfactory methods and equipment have 
been developed for the application of coatings under field condi- 
tions without delay to the construction of the line. 

Other points influencing this decision are that there seems to 
be no promise of obtaining a non-corrosive steel, and that there isa 
definite trend to use lighter weight pipe for reasons of economy. 
It is also impossible for soil surveys, earth resistance tests, etc., to 
take into account the many extraneous causes of corrosion which 
develop after a line has been laid. 

Further useful papers have been published by Mr. Gordon N. 
Scott," dealing with the adjustment of soil corrosion pit depth 
measurements for size of sample. 

About 8800 pit-depth measurements on small isolated specimens 
and on seven actual operating lines have been studied with reference 
to their significance as measures of soil corrosion. Upon the 
basis of certain obvious facts qualitative axioms have been stated 
in terms of pit depths and size of sample (number of specimens 
orarea). The quantitative relation between means of the maximum 
pit depths and area has been shown for the data presented to be 
nearly linear on logarithmic co-ordinates for a considerable range 
in area. 

Examples showing the application of the results in interpreting 
pit-depth measurements on small test specimens in terms of pipe- 
lines have been given, and a rational and economical method for 
taking pit-depth measurements on pipe lines has been suggested. 

An economical method employing a limited number of measure- 
ments for obtaining a figure for the average maximum pitting, 
associated with a given area, of a section of pipeline has been 
suggested and illustrated. 

Factors by which data on pit depths obtained from small soil- 
corrosion specimens must be multiplied to convert these data to 4 
basis comparable to what would be obtained for the average 
pitting on 20 ft. lengths of 8-in. pipe have been calculated for a set 
of assumed conditions. 
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Since average maximum pit-depth measurements have little or no 
significance, unless the area over which the measurements are made 
is specified, it has been suggested : 

(a) That pit depth be taken consecutively on each running foot 
of pipe, within the extent of the inspection hole, and that 
preferably 8 or more, but certainly not less than 4, such 
measurements be taken per hole. 

(b) That all pit-depth measurements on pipe lines be corrected 
to a standard area of 45-16 sq. ft. corresponding to a 20 ft. 
length of 8-in. pipe when comparison with data from different 
sources is intended. 

Part 2 of the same paper is headed “ A Preliminary Study of the 

tate of Pitting of Iron Pipe in Soils.” 

It is concluded that the slowing-up of the pitting rate of iron pipe 
in soils is probably due to many factors, among which: (1) the 
protective effect of the corrosion products which accumulate near 
the pipe; and (2) the enlargement with time of the anodic or 
corroding areas, are important. The amount of rust formed, and 
its distribution and thickness, are determined partly by the acidity 
of the soil, and partly by the rate at which oxygen can reach the 
dissolved iron—which, in turn, is affected by the amount of 
moisture in the soil. 

An empirical two-constant equation has been shown to represent 
the available data on pit depths for both pipe lines and test speci- 
mens with sufficient accuracy to warrant its further investigation. 
A fixed value for one of the constants of the equation may be 
assumed for rough calculations, since its actual value does not 
change greatly over wide limits. This permits rough estimation 
of the ultimate average depth of pit from a single set of pit depths 
if the age of the pipe is known. 

STORAGE. 

Welding has been used to a greater extent than formerly for tank 
construction. 

Floating roofs have been improved in detailed design, and 
continue to be used for reducing evaporation losses. 

A new development has been the introduction of a steel balloon,” 
arranged in a closed system with large diameter pipes connected 
to tenks in a tank farm for the purpose of taking care of the expan- 
sion and contraction of vapour, whether due to thermal expansion 
or liquid displacement. 

These balloons have been made up to 150 ft. in diameter with a 
capacity of 150,000 cu. ft. of gas, and 5 ft. high shell. The deck 
has been made of 16 gauge sheet steel and the bottom of 14 gauge, 
the latter thickness also being used for the shell. 
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The principle on which the steel balloon is based is the well. 
known tendency of a vessel to try to assume a spherical shape when 
subjected to internal pressure. <A flexible deck is welded to the 
upper edge of a steel shell and permitted to rest, when the tank 
is empty, upon the bottom. The bottom is also welded and laid 
upon an earth grade properly shaped to accommodate the natural 
roll assumed by the flat steel disc, and the bottom is attached on 
its outside circumference to the lower edge of the upright shell. 

The gas or vapour is led to a fixed point in the middle of the 
bottom sheet, and as the gas under pressure enters the steel balloon 
the deck tends to lift off the bottom and bulge upward until the 
bottom and the top have taken an elliptical form, 14 ft. apart at 
the centre. 

A volume control valve allowing the escape of gas is fitted to 
prevent rupture of the balloon. The vents have usually been set 
to operate at about ? in. to 1} in. of water pressure. 

It has been claimed that when a system of pipes and balloon 
have been properly designed to suit the number of tanks in the 
tank farm, it can be so well balanced that practically no air will be 
admitted over the oil or into the steel balloon at any time, and 
corrosion is thereby very greatly minimised. In some cases a 
small plant has been installed to manufacture CO,, and this inert 
gas has been fed to the tanks and balloon so as to exclude all 
oxygen. 

Careful records have been taken of the rise and fall of steel 
balloons under working conditions, and very valuable data should 
be obtained for the design of future systems, so as to get the best 
balance between balloon capacity and the tanks in the system 
being served. 

The results of these systems so far demonstrate a saving in the 
volume, gravity and volatility of the crude oil handled, and it is 
probable that the use of steel balloons will be greatly extended. 


FrRE PREVENTION AND FIRE FIGHTING. 


The American Petroleum Institute have issued reports during 1933 
on fire protection in refineries and fire protection in bulk plant and 
service stations, which point out that the fundamental principles 
underlying petroleum fires are based on the facts that petroleum 
and products are incombustible, except in the form of vapour and 
gas and when mixed with oxygen within a small range. Further, 
these combustible mixtures of vapour and air will not burn unless 
they are heated to their ignition points. 

Fires can only occur, therefore, with a liquid product, if it is 
vaporised, and if the vapours are mixed with air to form com- 
bustible or explosive mixtures, which in the case of gasoline vapour 
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contain from 1-4 to 6-4 parts of vapour and from 98-6 to 93-6 parts 
of air. This combustible mixture must be heated to its ignition 
point, which in the case of gasoline vapour and air is not less than 
approximately 540° F. 

The essentials of protection against vapour fires are outlined 
in the pamphlets. 

Carbon dioxide" has been used as a means of preventing accidents 
during the repairing of tanks by welding. Tests have shown that 
40 per cent. of carbon dioxide has been effective in preventing 
ignition or explosion of natural gasoline contained in a tank. 

It has therefore been claimed that it is practicable to weld a 
tank without the expense of steaming and cleaning, and in many 
instances without unloading its contents. The future development 
of carbon dioxide for this purpose will be watched with great 
interest. 
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REGIONAL REPORTS. 
Field Development and Technology in Rumania in 1933, 
By Gwyn E tas, B.Sc. (Member). 


FicuREs for metres drilled in Rumania in 1933 are not available 
at the time of writing, but there was great activity in many fields 
during the year and extensive new areas were proved to be pro. 
ductive. It is estimated that about 273,000 metres were drilled 
in 1933 as compared with 208,000 metres in 1932. 

The total potential production of the country did not vary 
considerably, although the year opened with production restricted 
down to 18,600 metric tons per day and it was estimated that 
nearly 5000 tons per day were shut in. On the breakdown of 
restriction, in June, production rose to about 22,500 tons per day, 
and towards the close of the year it was 21,000 tons per day. 

The following is a brief summary of field activities and extensions 
during the year :— 

Gura Ocnitei.—The State perimeters on the southern part of the 
structure were drilled actively, but rationally, to the different 
horizons. On the northern part the field was carried west through 
the Gorgoteni Valley. 

Moreni.—This field was not active as regards drilling, but 
production decline was kept well in hand by a certain amount of 
drilling in the Piscuri extension of Moreni, and also by recondi- 
tioning and perforating old wells to upper sources. Owing to 
restricted drilling activity here, production engineers were able 
to concentrate on improvements in production technique, both 
with a view to maintaining production up to a high level and to 
reducing lifting and handling costs to a minimum. 

Aricesti.—This field, for several years dormant after failure to 
establish reliable production of gas from the upper formations, 
again became the scene of great activity throughout the year, 
resulting from the bringing in of good production from a Meotic 
well at the beginning of the year. Owing to the big productior 
and high pressures at wells drilled in this area, it is anticipated 
that the limits of production have not yet been established, and 
no doubt the exploration drilling now in progress will be carried 
on so that the real extent of the field will be defined. 

The formations in this field have brought many difficulties to 
drilling engineers, resulting in frozen drill pipe and blow-outs. 

The most modern equipment was used in this field, and good 
well-spacing having been previously agreed to by interested 
operators give it the appearance of an up-to-date Mid-Continent 
field. 
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Boldesti.—A consistent drilling programme was carried on 
throughout the year and a good production was maintained. 

Early in 1933 the known productive area of the field was extended 
nearly 6 kilometres to the east by a well which was completed at 
2540 metres, at that time the depth record for Rumania. This 
resulted in the inception of drilling programmes on the part of 
those companies holding concessions in that area. At the same 
time the northern flank of the structure was proved to be rich in 
production, but drilling to the west has been brought to a halt 
in view of apparently weak production in that direction. 

Other Fields.—In the older fields, such as Ochiuri, Ceptura, 
Baicoi and Mislea, drilling was on a very moderate scale, and work 
was mainly concentrated on technical measures to reduce produc- 
tion costs and on reconditioning of old wells. However, in the 
Runcu North section of Mislea a deep well is being drilled with 
the intention of exploring the Oligocene series. 


FreLD TECHNOLOGY. 


Drilling. —1933 was prolific in advancements in field technology, 
not only in the application of new ideas, but also in the improvement 
and more extensive adoption of technical developments which 
had got under way during the last three years. Drilling with 
cable tools, pole tools and flush percussion methods have all given 
way to rotary drilling. 

There would seem to be only a slight increase during the year 
in the number of steel derricks employed, and these have been 
mainly adopted at wells which are expected to have a long flowing 
life, and where tubing will not have to be pulled. After entering 
into production the derrick is pulled down and rigged up elsewhere. 

Boilers are mostly of the firebox (locomotive) type for 15 atmo- 
spheres working pressure, but recently a type, known as the 
“ Locomobile ” boiler, has come to the fore. It has a cylindrical 
firebox leading straight through to the tubes and the endplates 
are bolted to the shell. When it is desired to pull tubes, a not 
infrequent operation where water is bad, the endplates are un- 
bélted and the tubes pulled out as a “nest.” This boiler has 
features which recommend it for oilfield work. 

Four or five years ago the tendency was to replace under-fired 
bricked-in boilers, installed at central points, by firebox boilers 
located near each drilling rig, but last year showed that many 
wells are being drilled from centrally situated stations, usually 
equipped with firebox boilers supplemented with suitable super- 
heaters so that wells can be drilled a kilometre, away from the 
boilers without too much pressure drop in the line. In most cases 
the superheaters have thermostatic controls. Attention is now 
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being given to hard feed-water and various water-softening plants 
have been installed, cither at water pumping stations or at 
individual boiler stations. Several proprietary chemicals are also 
used by injecting them into the feed-water, but with varying 
results. Considerably more attention is now being given to steam 
generation, for oilfield purposes, in all its aspects. 

Boilers working at under 10 atmospheres are gradually being 
condemned by companies for power generation and are being 
relegated to heating work. 

The necessity for having to take steam long distances from 
boiler plants to distant wells, for the purpose of heating the flow. 
lines and gas separators at wells producing paraffinous crude, has 
long been a thorny problem. An attempt was made, during the 
year, to overcome the difficulty by mounting individual heating 
units at wells, operating either with hot water or low-pressure 
steam (up to } atmosphere), i.¢., on the lines of central heating 
installations in buildings. The results are sufficiently satisfactory 
to warrant an extension of this system. 

It is believed that there was an increase in the number of rotary 
rigs driven by electricity at the end of the year. Some four years 
back, 52- and 64-kw. pump motors were used. In 1933, in keeping 
with the drilling of wells down to 2500 metres, 150-kw. motors 
were used for 7} in. mud pumps and greater flexibility was obtained 
by the use of 10-contact controls. In the case of motors for the 
draw-works the Hild Drive outfits were fitted with two 100-kw. 
motors compared with the 35- and 65-kw. motors of four years 
ago. A new development in the use of electric power for drilling 
is to be found in the adoption of a single-motor German unit, 
consisting of a 150-kw. motor driving the draw-works through a 
very efficient gear unit. Results obtained appear to be very 
satisfactory and the current consumption is considered to be low. 

Four-speed draw-works did not find their way into the equipment 
used in the fast drilling of the Gura Ocntei “ boom,” the wells 
being, for the most part, comparatively shallow until the Rasvad 
extension at the end of the year, but even then the depths were 
short of most of those in Aricegti, and considerably shallower than 
most of the wells in Boldesti. It was, therefore, in the latter 
fields that circumstances demanded the adoption of four-speed 
draw-works. 

A great deal has been done by operators to standardize derrick 
and engine foundations and it is now almost universal practice to 
set the derrick on high concrete feet, thus doing away with the 
cellar and its attendant difficulties and dangers. In this way, 
casing flanges and connections, and also the Christmas-trees them- 
selves, all come above ground level, but below the derrick floor, 
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Three gauges are usually set up in view of the driller, showing 
the weight on the block (weight indicator), the circulating mud 
pressure and the effective steam pressure at the engine (i.c., after 
the throttle valve). Sometimes, an additional gauge shows the 
available pressure in the steam line. 

In view of the damage done to gauges on mud pumps, due partly 
to the violent pulsations and partly to the intrusion of mud into 
the gauges, a number of companies now use special diaphragms 
and shock-absorbers fitted to the pressure gauges. Instruments 
for continuous recording of the weight of the circulating mud are 
being used in some instances. 

Central mud stations with big sumps capable of holding large 
quantities of mud of different weights are constructed in some 
fields. These soon pay for themselves when a blowout threatens, 
hut they are also economically sound for receiving “ treated ’’ mud 
(with barite, etc.), from wells where it is no longer required. This 
mud would otherwise be lost, and treated mud is very expensive. 

During 1933, a great number of wells were drilled with a single 
string of casing, i.e., with a short surface string down to 250 metres 
or less and then one water shut-off string set just above the oil 
sand to be exploited. In such cases the State Mining Authorities 
require that the shut-off string should be cemented right up to 
the surface. Where wells are deep, this means that very high 
pumping pressures are required for pushing the heavy slurry up 
to the surface. To obviate these high pressures, mud, treated 
with weighting material, is usually pumped after the top cementing 
plug, giving a mud of, say, 1-6 density instead of an untreated 
mud of 1-25. This is clearly a great help in pushing to the surface 
a slurry of 1-8 or 1-9 density. 

However, this weighted mud considerably increases the cost of 
the cementing job unless the weighted mud is later recovered for 
use again, and this is one of the great factors in favour of central 
mud plants. 

In some cases the single string casing programme mentioned 
above has been extended so that, instead of running a liner through 
the producing sand, or sands, the hole is completely drilled before 
running the shut-off string, and the latter is then run with 
perforated or slotted pipe at the bottom, a baffle plate and 
cementing nipple being inserted in the string at the point at which 
it is desired to make the water shut-off. This means that the 
casing can be of the same diameter as the liner which would other- 
wise be run, thus requiring a smaller hole to be drilled and smaller 
diameter casing run. 

For the most part, ordinary fishtail bits are used with hard 
metal pieces applied with the torch and completed with hard facing 
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material, but Zublin, Smith and rock bits are being used as 
advantageous in certain formations. In the same way hard and 
soft formation core barrels are used as requirements indicate. 

During the year the Schlumberger system of electrical “ coring” 
has been used to a greatly increased extent, some companies 
using this method as routine at all their wells, taking electrical 
logs once or more at each well. The results are very satisfactory 
and mechanical coring has been reduced in consequence. 

Incidentally, electrical coring has been used more than once to 
detect a fish or a joint of casing which has come adrift from the 
surface string and ultimately fallen some distance down the hole. 

The plugging-off of bottom waters caused many difficulties in 
the past, but with increased knowledge of cementing operations 
such jobs are now usually carried out successfully. It is nearly 
always done with tubing as this method allows cement to be 
pumped into a strong water sand. 

The Schlumberger water witch is frequently used for identifying 
the point of entry of water at newly-completed wells. The same 
system can, of course, be used at producing wells which begin to 
show water. 

The State Authorities require that the deviation of all wells 
drilled should be established and the acid bottle is used for this 
purpose. Borehole surveying is only carried out to a very limited 
extent, although one company regularly employs the Straatman- 
Martiensen system. No instances are to hand of the new technique 
of directional drilling, or “‘ controlled drift.” 

It would seem that drilling speeds show a still further increase 
on previous years and the completion of wells to 1800 meter 
(including putting into production) in less than a month from 
spudding-in is not at all unusual. There are a number of cases 
on record where, in the past year, over 300 meters have bee 
drilled in 24 hrs. 

Production.—It is now almost universal practice to put wells 
into production through tubing. The tubing is usually set just 
above the producing formation, and suspended in the normal way 
from the tubing-head. During the last year some improvements 
have been made in tubing-heads so that tubing is no longer 
suspended from the top flange itself, but the top of the tubing is 
fitted with a special massive collar which seats on the body of the 
tubing-head, and a seal is provided both at the seat and between 
the special collar and the top flange. Also, a number of wells were 
provided with a modified type of tubing-head which allows of 
tubing being snubbed up during flow. The practice of snubbing 
has been applied solely in one field—Boldesti—by one company %& 
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it was found that in partly depleted areas of the field the wells did 
not come in according to expectations, a result ascribed to the 
fact that considerable quantities of drilling mud (50 to 100 tons) 
entered the formation. A solution would have been to drill the 
wells in with oil flush, but the existing rock pressures were still 
sufficiently high to endanger the drilling operations if this method 
were applied, unless of course snubbers could be used continuously, 
in which case serious delay would result. Therefore, snubbers 
were mounted after the completion of the well, thus allowing the 
lifting and lowering of the tubing, during flow, over the full 
thickness of the producing formations, i.c., about 325 meters. It 
was thus possible to observe gas-oil ratios and density of oil from 
the various sources of the production strata, and in this way to 
arrive at the conclusion whether all the strata have been cleaned 
of infiltrated mud or not. The same method of employing snubbers 
allows a determination of the depth at which tubing should be set 
to attain the best gas-oil ratio. 

Nearly all wells, in high-pressure areas, are now completed with 
Xmas-trees that have connections to the casing as well as the 
tubing. Such connections often prove themselves very useful 
when it becomes advisable to flow the well up the annular space 
between casing and tubing in addition to, or as an alternative to, 
flow up the tubing. In many cases flow up the annular space is not 
permissible owing to the danger of sanding-up or paraffinning-up. 

Strings of combination tubing, ¢.c., with smaller tubing at the 
bottom, are not infrequently run for the following reasons: 
(a) Where there would not be sufficient clearance to wash over 
the tubing should sand heave up round the lower joints ; (6) where 
the normal size of tubing would not go down inside the liner in 
case such procedure should be necessary to wash out the liner ; and 
() in an effort to keep down the gas-oil ratio, and especially the 
quantity of input gas at gas-lift wells. In the latter case the 
velocity-pressure charts of Hawkins have proved useful in deter- 
minating the tubing sizes and points at which change of section 
should take place. 

As most of the drilling activity in 1933 was concentrated on 
obtaining production from the Meotic formations, production 
engineers have had the inevitable paraffin troubles to contend with, 
especially in the later life of those wells. Solvents do not appear 
to have been used otherwise than experimentally and operators have 
been inclined to use either hot oil or gas, injected down the hole, 
orto adopt the positive method of running a scraper. This latter 
practice is satisfactory if done so frequently that only a thin skin 
of parafiin is allowed to form before the scraper is run. In very 
bad wells this requires that scrapers be run three times within 24 hrs. 
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One company, at least, prefers to use a residue of “ gas-lin: 
drips,” obtained by draining the main gas collecting lines at 
suitable points, distilling and then storing the residue. This 
residue is pumped down the tubing of a flowing well after being 
heated to about 100°C., the rate of pumping being low, about 
1 ton per hr. 

Naturally, as a result of this operation, the well stops flowing 
for one or more hours, but invariably, as soon as the tubing builds 
up its own pressure sufficiently to overcome existing trap-pressure, 
the well resumes flowing, throwing out a product with a very high 
paraffin content. This latter phenomenon, together with a 
decreased casing pressure, is an indication that the operation has 
served its purpose. 

Other operators are using hot oil for pumping down the tubing 
for the same purpose. Both these latter systems obviate the 
necessity of having a derrick, rig and power always available for 
scraping tubing. 

Emulsions are being: treated with one of the better known 
brands of chemical solutions for emulsion breaking. Down-the- 
hole treatment, together with a gun-barrel separator, gives good 
results, but the alternative arrangement of surface treatment 
with a wash-tank is frequently seen. 

An improvement in the kicking-off of wells with low rock 
pressure is seen in the method of injecting oil with the compressed 
gas, gradually reducing the proportion of the former. 

It is fortunate that, up to the present, it has not been found 
possible to pump Meotic wells in the Moreni-Gura Ocnitei area, 
as gas-lift is usually costly for small producers and is inherently 
bad where there are low rock pressures. In a limited number 
of cases intermittent gas-lift is being used on Meotic wells. The 
trouble appears to be more with the gassy oil than with the paraffin. 
As the wells in Runcu and Chiciura are usually less paraftinous, 
and also have less gas than those in Moreni and Gura Ocnitei, 
nearly all of them are now being pumped. The fact that they 
are less deep is also in their favour for pumping. 

During the year many wells in the western extension of the 
Gura Ocnitei field had to be put on gas-lift. In the actual technique 
of producing by gas-lift no important developments were remarked, 
but at least one company preferred to concentrate compressors 
in one central station and distribute the compressed gas to four or 
five sub-distributors located at convenient points in the field, 
from where it was distributed to the wells according to require- 
ments. The main distributor in the compressor station was 
connected to the sub-distributors by two lines, one for normal 
working pressures and the second for kicking-off or for supplying 
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any well or wells with abnormally high working pressure. This 
necessitated two headers at the sub-distributors. The main 
distributor, at the central compressor station, had three headers, 
working at different pressures, so that it was not necessary to 
have all compressors working at the highest necessary pressure. 
The distributors were equipped with needle valves, for fine 
control, and orifice metres on each delivery line. This pro- 
cedure was found possible because most of the wells in an area 
served by a distributor had fairly uniform working pressures, as 
naturally the rock pressure does not vary considerably in any one 
sand in a limited area. This system appears to be very flexible 
and generally satisfactory, even when the distances from the 
compressor station to the farthest wells might be 3 kilometres. 
If the distance becomes too great the system is not economical, 
as pressure losses in the lines become too high. Economically 
the success of the system depends on the fact that, in two-stage 
compression, compressing costs are not materially affected by 
having to work the compressors at a slightly higher pressure than 
would be necessary if compressors were delivering to individual 
wells and, therefore, only compressed up to the working pressure 
of the respective wells. 


Gas-lift is used to the entire exclusion of air-lift. 


During 1933 there was an increase in the number of compressors 
driven by electric motors. This is no doubt due to many gas 
engines becoming old and unserviceable at a time which coincided 
with a substantial drop in the price of current for compressor 
work, the constant load demanded by compressors appealing to 
electric supply companies. The local electric supply company is 
showing a more vivid interest in relative power costs, to its ultimate 
benefit. 


Considerable use was made of high trap pressures when wells 
would flow against such pressures and gas traps which would 
work at pressures up to 50 atmospheres were used so that wells 
could be directly gas-lifted from them. In other cases wells might 
only withstand lower pressures on the trap, when the gas was sent 
directly to high-stage compressors, enabling the first compression 
stage to be cut out entirely. Usually a well would not stand high 
trap pressures for very long and, as there was a general drop in 
pressures, two-stage compression had to be resorted to. 


There is a strong tendency towards grouping gas-traps together, 
most frequently at the stock tanks, although many operators 
still prefer to mount them individually at wells. There appears 
to be a certain amount of advantage in the former system but, 
sometimes, local conditions dictate the situation of the traps so 
2Q 
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that the two systems are found operating in the leases of the 
same company. 

Two-stage separation is not usually adopted, except to meet 
specified cases. At many of the larger tank farms gases are now 
collected and passed through gasoline extraction plants. 

It appears that the metering of production was more extensively 
employed during the year, both orifice and positive displacement 
metres being used, but more especially the former. It is notice. 
able that orifice metres are not entirely satisfactory when wells 
are heading. 

Useful information on the behaviour of wells can be obtained 
by comparing the charts from the recording pressure gauges, 
and the oil and gas meters. Many wells completed during the 
year were equipped with all these instruments. The Kent orifice 
metre, a British product, seems to be preferred for measuring oil 
production. 

One of the features of the year was the very large number 
of wells which were perforated to upper sources by using a “‘ gun” 
which discharges high-velocity bullets, so that there is no difficulty 
in perforating thick casing and cement. Such a gun will even 
perforate two cemented strings of casing. The gun was improved 
in the course of the year, so that thick producing formations can 
now be perforated quickly and with certainty. Electrical log 
were of considerable aid in determining the exact point at which 
to perforate into a sand—a sand which might easily have been 
missed during the drilling of the well. 

Field Equipment.—The year has been a very difficult one for 
companies owing to the operation of the “ Contingentare ” lav 
which requires that permits be obtained before any material cai 
be imported. The acquisition of permits could be a lengthy and 
tedious process, so that from the operators’ point of view it en 
hanced the already existing difficulty of being far-distant from thos 
countries which usually supply equipment for oilfields. 

It is gratifying to see that there is an increasing amount o 
British equipment being used, and this can be put down largely: 
(a) To the satisfaction it gives; (b) the advantages accruing from 
the depreciated pound ; and (c) to the fact that England is on 
of the countries with a trade balance more favourable to Rumania, 
which facilitates the obtaining of the necessary import permits. 

More especially do we now find England sending casing, flow. 
tubing, line pipe, line pipe fittings, motor lorries, meters and 
gauges, belting, high-pressure valves for Christmas-trees, rotary 
drilling rigs, gas and Diesel engines and other machinery. 
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Transportation of Crude Oil.—At pumping stations no important 
developments have been noted. Reciprocating pumps are mostly 
used, driven by steam, gas engines or electric motors. 

Most of the heating stations mounted at different points on the 
main lines three or four years ago have recently been dismantled. 
They were not entirely satisfactory in prevention of paraffining 
of the lines, although they were of some use in reducing the viscosity 
of some of the crude oils. Some main lines which had thick coatings 
of paraffin were dug up and cleaned. 

Very many lines are now kept clear by passing go-devils through 
at fairly short intervals of time. 

Some experimental work was carried out on metering crude oil 
pumped through main lines, but, up to the present, results with 
orifice meters have not been very successful. 

On the few main oil lines constructed during 1933 screwed pipe 
was mostly used, but welded pipe was used for gasoline lines and 
for some of the main gas lines. 

Acknowledgments are due to Mr. J. L. Chaillet for assistance in 
the preparation of this report. 


Trinidad. 
sy G. H. Scort, B.Sc. (Associate-Member). 

Drilling—There has been no radical innovation in either 
drilling machinery or methods during the year. All wells are 
drilled by the rotary system and up to the present the conventional 
type is used almost exclusively, little attention having been paid 
to hydraulic or automatic feeds. 

There has, however, been a distinct tendency for the standardiza- 
tion of the lay out. Thus, slush pump manifolds, boiler hook-ups, 
mudflumes, engine bed foundations and steam connections are 
generally constructed to a standard pattern allowing of inter- 
‘hangeability and decreasing the rigging up period. 

Verticality of Bore-hole—Much attention has been paid to the 
verticality of the bore-hole. It has been virtually proved that 
the rate of circulation, dip of the strata, variations in lithology, 
ecentricity of the bits, etc., have only a slight effect on the 
tendency of a bore-hole to leave the vertical. The one factor that 
ntweighs all others is uncontrolled drilling. By providing a 
heavy weight concentrated at the bottom of the column of drill-pipe 
nd by ensuring that the weight on the bit does not exceed this 
Weighted portion, the drill-pipe above is maintained in a constant 
tate of tension and will hang vertical. If for any reason the bit 
8 thrown off the vertical, the horizontal component of this weighted 
jortion will then tend to a return to the vertical. This horizontal 
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component will only have an appreciable effect provided that the 
hole is kept within close limits of relative verticality and one 
company commences straightening operations if the deviation 
exceeds 14°, acid bottle readings being taken every 50ft. In 
straightening, the horizontal component is utilised by the provision 
of a so-called “lipped bit,” whose points are flared out. This 
ensures that when reaming is commenced the lateral force will be 
concentrated on these points and not on a long flat side as would be 
the case with a normal bit. The company referred to has recorded 
an average deviation of only 1-25° in 44,000 ft. tested, the average 
well depth being in excess of 2500 ft. 

The accuracy of the acid bottle readings has been checked on 
several occasions by a Schlumberger Teleclinometer survey, and 
the two series of observations have shown marked consonance, 
It is interesting to note that the oriented bore-hole surveys show an 
almost constant “ up-dip ” trend in a closely limited vertical plane. 

One of the main problems calling for solution is the method of 
concentrating the weight at the bottom of the drill-pipe column 
when coring is commenced. Experiments are about to be carried 
out with a core barrel of special design in order to effect this object, 
but up to the present the maintenance of verticality in a cored 
hole constitutes the major difficulty encountered. 

Casing.—The year has been most noteworthy for the increased 
co-operation between the major operating companies. In no case 
is this spirit better exemplified than in the standardisation of 
casing sizes. 

As originally conceived, this standardisation programme aimed 
to eliminate 48 different sizes of casing, drill-pipe, tubing and line 
pipe or a reduction of 74 types to 26. 

At a later date, only casing and tubing were considered 4s 
experience indicated that further standardisation in drill-pipe 
and line-pipe was impracticable. At this meeting a pipe code 
was drawn up with a range of only seven sizes and ten weights, 
all to A.P.I. standard specifications. 

While the existence of unexpended stocks and other factors have 
delayed complete adherence to the code, it is considered that 
tangible progress has already been achieved and the final fruition 
of the scheme will doubtless be realised. 

Even at this juncture it has been possible to reduce the casing 
stocks and the replacements on other tools and equipment such 
as elevators, casing tongs, and circulating heads. At the same 
time, the fact that the various operating companies are carrying 
stocks of the various sizes of casing, will allow of mutual inter 
change, thus allowing of close estimation of casing requirements 
with a further reduction in capital expenditure. 


as a 
to st 
In « 
the 
plug 
C 
met! 
of tl 
foun 
the j 
in th 
is sti 
baffle 
after 
start 
Th 
the « 
uses ; 
outlet 
and t 
to th 
raking 
carefu 
result 
The 
This ¢ 
jet ori 
with ; 
In ¢ 
casing 
enlargy 
are ex 
increas 
This pl 
that it 
where | 
be con 
No ¢ 
cement 
quick | 





ject, 
ored 


ased 
case 
1 of 


med 
line 


1 as 
pipe 
code 
thts, 


have 
that 
ition 


sing 
such 
same 
vying 
nter- 
ents 





TRINIDAD, 601 


The consumption of casing has been greatly reduced by the 
more extended use of combination oil-water strings. These strings 
are provided with a baffle above the perforations or screen and are 
cemented through holes situated just above the baffle. There is 
some divergence of opinion as to the desirability of a canvas basket 
as a cement retainer in the annulus and of a shoulder for the basket 
toseat upon. This programme is, however, more generally adopted. 
In cases where it is proposed to deepen the well at a later date, 
the casing shoes of these strings are provided with a cement guide 
plug which can be easily drilled up. 

Cementation.—There have been no radical alterations in cementing 
methods which are carried out by the hopper system. The position 
of the jet with respect to the hopper bottom and its size has been 
found to be of great importance. With a correct positioning of 
the jet the danger of choking and consequent wetting of the cement 
in the hopper is greatly reduced. The danger of wetting the cement 
is still further obviated in one instance by the placing of a hinged 
baffle between the jet and the cement, this baffle being removed 
after the hopper has been filled with cement and the water pump 
started. 

The cement feed to the hopper is usually effected by bagging 
the cement after sieving and feeding manually. One company 
uses sheet-steel bins with the base sloped in two directions to the 
outlet. The capacity of these bins is about 25-30 brls. of cement 
and two can be installed on the derrick floor. The outflow of cement 
to the hopper is controlled by manually operated gates. Gentle 
raking of the cement in the bin towards the outlet, combined with 
careful operation of the gate, which is of special design, has 
resulted in an uninterrupted and steady feed to the hopper. 

The weight of the cement grout varies from 118-125 lb. per cu. ft. 
This can be increased somewhat by regulation of the size of the 
jet orifice, but the figures given constitute a good pumpable grout 
with a good final set. 

In order to ensure a complete annulus of cement round the 
casing at the point of shut off, the hole at this point has been 
enlarged by means of a wall scraper. The cutters of this scraper 
are expanded by hydraulic pressure and allow of a considerable 
increase in the diameter of the hole at the point of cementation. 
This procedure has not been universally adopted, but it is considered 
that it will ultimately be more widely practised, especially in cases 
where the deviation of the bore-hole is such that the casing cannot 
be concentric with the walls of the hole. 

No definite decision has been reached as to the best type of 
cement for oil-well service. At present the tendency is to use a 
quick hardening cement without an accelerator. In Trinidad, 
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there is not a great need for special deep-well cements. The wells 
are only of medium depth and do not justify the use of a cement 
with special properties of initial set and hardening. 

It is considered that there is a tendency to overstress the tensile 
strength in specifications of oil-well cements. While, doubtless, 
this property is an indication of soundness, impermeability is the 
prime requisite. In bottom plugging operations, especially where 
water exclusion is dependent on relatively short cylinders of 
cement, impermeability is of vital importance. 

Furthermore, the viscosity of a grout for any water cement 
ratio is of importance. If it were possible to reduce the viscosity 
of a grout without dilution, as is done by the addition of suitable 
electrolytes to rotary muds, it would permit of the use of grouts 
with lower water: cement ratios. Provided that such additions 
did not greatly affect the setting properties, both the strength and 
impermeability should be increased. 

Control of Pressure, etc—Gas pressure encountered during the 
process of drilling is almost universally controlled by barytes-laden 
muds. Mud weights under such conditions range from 
100-130 lb./cu. ft., the barytes being mixed by means of jetting 
through a hopper. Recently tests have been carried out with a 
drilling system whereby unloaded mud is used, the pressure being 
held at the surface by means of a stuffing box and suitable choking 
of the outgoing mud stream. It is difficult to assess the relative 
merits of the two systems, but it is probable that a combination 
of the two will provide the best means of combating high pressures. 

Drilling muds have, as in other fields of the world, received 
much attention during the past year. The relationship between 
stability, viscosity and colloidal content has been the subject of 
much research. No simple method has been evolved for deter- 
mining the colloidal content of a clay mud, but a rough estimate 
can probably be obtained from an examination of the specific 
gravity-viscosity curve. Up toa certain specific gravity this curve 
mimics that of an ordinary suspensoid in a liquid, the viscosity 
increasing in direct proportion with increase in the percentage of 
the disperse phase. Above this critical specific gravity, however, 
the viscosity increases much more rapidly than the weight of the 
disperse phase. It is considered that this point marks the concen- 
tration where the colloidal content is in sufficient quantity to form 
a gel. Thus the lower the specific gravity at which this change 
in the trend of the viscosity occurs and the greater the rise of the 
viscosity subsequently, the higher the colloidal content of the clay. 
In the case of clays of low colloidal content the gel point is indefinite. 

The stability of muds with varying pH values has also received 
attention, and an optimum pH value for maximum stability ® 
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indicated. It has been found, however, that the variation in 
settling rates due to changes of viscosity must be taken into 
account when comparing relative stabilities. A viscous, partially 
flocculated, mud of poor suspension properties may take on a 
pseudo-stability if gauged by normal gravitational methods, and 
the hindered nature of the settling due to the viscosity and suspen- 
soid concentration must be taken into account. Similarly, while 
the percentage of free water separation gives a rough measure of 
stability it does not take into account the possibility of differential 
settling of the grains within the mud column itself. This is particu- 
larly true of barytes-laden muds, where the clay mud portion has 
good stability but still allows of barytes settlement. In such 
cases it is essential to observe the variations of specific gravity 
within the length of the mud column. 

The addition of electrolytes such as sodium silicate, caustic soda 
or soda ash in order to reduce viscosity has been extensively 
practised. The use of such substances calls for a very rigid control 
of the percentages to be added to any mud, and the optimum 
quantity must be determined by experiment on the mud to be 
treated prior to its use in the field. In many cases a slight excess 
of electrolyte will increase the viscosity to such a figure that the 
mud is no longer pumpable. It is indicated that while there is a 
large initial drop in the viscosity immediately after such treatment, 
the. subsequent increase is very much more rapid than normal. 
In the presence of gas, the reduction in viscosity obtained doubtless 
aids in the release of gas from a gas-cut mud ; the reduction of 
surface tension, however, resultant on the addition of such electro- 
lytes increases the tendency to froth. It is indeed probable that 
for muds of equal viscosities an untreated mud would be less prone 
to gas cutting. 

In field use, especially with loaded muds, in the presence of gas, 
the tendency has been to exert a far more rigid control on mud 
weights and viscosities. The viscosities are measured at the well 
by means of a simple type of efflux viscometer, and any tendency 
to increase is checked by reconditioning with or without the addi- 
tion of barytes. While it is realised that such empirical viscosity 
observations bear little relationship to absolute viscosity figures 
with a gel-containing fluid, it is considered that such a viscometer 
is preferable to a more complicated instrument which of necessity 
is delicate and calls for technical skill in making the observations. 

The weights of the mud fluid entering and leaving the well are 
observed hourly. In this way it is possible to observe any tendency 
of the mud to become gas-cut at its inception. It has been found 
on several occasions that a drop in weight of only a few lb. per cu. ft. 
is quite sufficient to permit of the well getting out of control. The 
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normal practice is to give a set figure for the weight and not to 
allow this figure to fall by more than 2 Ib./cu. ft. Such rigid control 
allows the factor of safety to be reduced with a consequent saving 
in the barytes consumption. 

The larger fields are now provided with a central mud farm 
situated at the outcrop of a clay most suited for mud mixing 
purposes. These farms are provided with tank storage and are 
connected to the drilling wells by a duplicate system of mud 
lines, one for good mud and the other for mud to be returned to the 
farm for reconditioning. Normal reconditioning and maintenance 
of weight is carried out at the well. 

The main problems in mud control are the degasification of the 
mud and removal of the cuttings. These are both facilitated by 
maintaining the viscosity as low as possible, but the colloidal 
content, which largely controls the viscosity, must be sufficient to 
plaster the walls of the hole and give good suspension properties. 
A balance must be struck between these two factors. Vibrating 
screens have been used for the removal of cuttings, but again 
viscosity must be carefully controlled or the screen clogs rapidly. 
Gas breakers of varying design are now an item of equipment at 
every high-pressure well, and attempts to improve the settlement 
of cuttings are being made by the use of whole current settling 
boxes. 

Recently muds have been used consisting of a water-bentonite 
mix as the mud base. These bentonites have a high active colloidal 
content, and thus the percentage of inert suspensoids is reduced 
to a minimum. In this way a mud of suitable colloidal content 
can be made with a comparatively low viscosity in the agitated 
condition. This should aid both degasification and cuttings 
settlement. 

The consumption of barytes has increased markedly, owing to 
the proportionately higher development of the deeper producing 
series. Although every attempt is made to recondition these 
muds for further service, contamination from the formations 
drilled and the necessity for extensive dilution to control viscosity 
result in extensive wastage. Many experiments have been made 
to recover the barytes from waste muds, but without complete 
success. The classification is a difficult one for a small capacity 
plant, as the settling rate of a 300 mesh grain of barytes is similar 
to that of much of the finer sands. Furthermore, the presence of 
adsorbed gas and oil in the mud are liable to destroy the free 
settling characteristics of the individual grains. 

Production Engineering—The genera! production technique 4% 
applied to flowing wells follows standard practice. Almost all 
wells are tubed at the commencement of flow, a one-size tubing 
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design usually being adopted. While telescopic strings are lowered 
in some cases, the use of such designs is more generally postponed 
till after the pressure has declined somewhat, and when more is 
known of the pressures, gas-oil ratios and fluid deliveries of the 
wells. In the Fyzabad area the producing sands are usually loose 
and unconsolidated, and great care must be taken in choking at 
the surface to control the sand percentage. The use of screen 
pipe has largely been superseded by that of perforated pipe with 
small perforations. At the commencement of flow, the oil is 
centrifuged hourly for sand content, any increase being inhibited 
by a small change in the choke size. The positive type of choke 
is preferred to adjustable types, as they can easily be inspected and 
replaced when sand wear occurs, whereas the latter must be entirely 
replaced if accurate regulation of the choke opening is required. 


Bottom-hole chokes are being tested in several localities and it 
would appear that they confer distinct benefits in sand control. 
The main objection to their use is the fact that they are not easily 
changed. There are types on the market that can be run in and 
set on a piano wire line, but the well must be closed in during this 
operation, and will allow any sand in the rising column to settle 
out. This may well preclude any possibility of recovering the 
choke and body after the initial setting. 

There has been a distinct increase in the use of gas lift for 
prolonging the flow period and wherever possible high-stage 
separation is used on naturally flowing wells, the high-pressure gas 
being utilised for gas lift and displacement pumping in other parts 
of the field. 

In displacement pumping, the injection pressures are generally 
regulated to suit the length of the fluid column in the eductor tubing. 
This is accomplished by the use of diaphragm-actuated pressure 
regulators. Their use on wells of small yield with low velocity fluid 
rises permits of more numerous injections without excessive gas 
consumption. The periods of injection to the well are controlled 
either by a magnetic valve actuated by a clock or by a diaphragm 
valve with an adjustable leak. The latter has the advantage that 
the shut down diaphragm is actuated by the pressure rise after 
the shot of oil has reached the surface in the eductor tubing. Thus 
there is no danger of shutting off the supply of pressure gas before 
complete expulsion of the oil. The chamber valve, which is used in 
some installations to retain the gas pressure in the annulus between 
the two tubing strings during the shut down period, has not proved 
a success in Trinidad. The presence of only small quantities of 
sand may render it impossible to seat this valve so that it shall be 
pressure tight, and even if this can be effected, the sand is liable to 
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clog the passages through the valve if it is submerged at any time 
below the fluid level. 

An interesting adaptation of the diaphragm control valve for 
injection rates has been used with success on one field. The valve 
is connected up to flowing wells which have reached the heading 
period. No chamber is used in such wells, the normal single flow 
string being retained. The diaphragm control valve is connected 
to the casing head of the well in such a way that the cessation of 
flow in the tubing causes the main valve to open and admit com- 
pressed gas to the well. In this way flow is re-induced, and as the 
vil-gas mixture reaches the surface the pressure rise in the tubing 
causes the shut-down diaphragm to operate, closing off the supply 
of pressure gas. By this means it has been possible to maintain 
approximate constancy of flow with as few as six injections per day. 

There have been few radical innovations in normal mechanical 
pumping methods. The low price of the product has tended to 
speed up the installation of central pumping powers, which still 
constitute the cheapest ‘method of artificial extraction. There is 
some concensus of opinion as to the respective advantages of geared 
and band wheel powers, the latter perhaps being more generally 
favoured. 

For individual weil pumping units, electrically-driven prime 
movers appear to be the most economical where such power is 
available, 





Persia. 
By P. pe H. HALL. 


Operations have proceeded normally in Persia during 1933 
and no developments of special importance have taken place. 

Controlled production from the Masjid-i-Sulaiman and Haft Kel 
fields has been maintained at approximately the same rates as 
during 1932, the figures for the past two years being as follows :— 


Masjid-i- 

Sulaiman. Haft Kel. rotal. 
Year. Tons, Tons. Tons, 
1932 oe 4,490,010 o« 1,955,798 ee 6,445,808 
1933 ee 4,999,635 ee 2,087,071 os 7,086,706 


The above figures. represent crude oil and products piped to the 
coast, but exclude products re-injected into the reservoir, which 
process has been in continuous operation at Masjid-i-Sulaiman 
now for some years. 

The systematic delimitation of the Haft Kel field has been con- 
tinued during the year and a wider scheme for distribution of 
production is being put into operation. 
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Drilling has been resumed recently in the Persian sector of the 
Naft Khaneh field, and a pipe-line is in course of construction 
to connect with a refinery being erected at Kermanshah. 

With regard to production technique, whilst no special develop- 
ments have taken place during the past year, considerable progress 
has been made, as a result of experimental work, in the design 
of streamline production fittings to reduce back-pressure and 
friction. 

Investigations relating to the scientific control of reservoirs have 
been steadily pursued during 1933 and certain phases of this work 
have been the subject of papers.! 

In connection with this work, it is interesting to note that none 
of the Company’s wells which have been completed for production 
has since ceased natural flow at minimum gas-oil ratio on account 
of declining pressure or of diminished drainage from the reservoir 
rock. A limited number of wells have gone to gas and have been 
closed in, but the dates of such occurrences have corresponded 
closely with forecasts, and replacement wells have, where necessary, 
been completed systematically in advance of these dates. 

During the past five years a gas-dome pressure drop of only 
6-7 lb.—i.e., approximately 14 per cent.—has been recorded at 
Masjid-i-Sulaiman, although a production of over 26,000,000 tons 
has been drawn from the field during that period. 

Whilst favourable reservoir conditions are to some extent 
responsible for this satisfactory position, it is attributable mainly 
to the policy of exercising scientific control of those conditions 
over many years, and to the appreciation of the advantages of 
unit operation. 

A valuable mass of physical data is now available regarding 
reservoir problems and conditions, and as knowledge increases so 
the scope for further work and application of this data becomes 
clearer. 

Some of the more important problems that have been under 
investigation in Persia during the past are the following: the 
determination of the physical characteristics and dissolved gas 
content of crude under reservoir conditions, and their relation 
with pressure and temperature; the relation between drainage 
condition and gas content of the crude in different sections of 
the reservoir at various stages in its production history; and, 





'“The Measurement of Gas-Oil Ratios and Saturation Pressures and their 
Interpretation,” L. A. Pym, Proc. World Petr. Congr., 1933, 1, 452; ‘“ Gas 
Saturation of Crude under Reservoir Conditions as a Factor in the Efficient 
Operation of Oilfields,” D. Comins, Proc. World Petr. Congr., 1933, 1, 458; 
“The Surface Tension and Specific Gravity of Crude Oil under Reservoir 
Conditions,’ D. T. Jones, Proc. World Petr. Congr., 1933, 1, 467; ‘Scientific 
Unit Control,” C. A. P. Southwell, Proc. World Petr. Congr., 1933, 1, 304. 
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the effect of surface methods of gas separation upon the physical 
characteristics of the crude in relation to its original characteristics 
under reservoir conditions. These investigations have resulted 
in increased efficiency in a number of directions, but have not 
indicated the need for any drastic change in production policy 
in the future. 





Burma and India. 
By W. E. V. Aprauam, B.Sc., A.R.C.Se. (I.), F.G.S. (Member), 


Cable Tool Drilling—Conditions in Burma are such that a 
considerable amount of drilling is still carried out with cable tools. 
In some cases very detailed information is required as to oil/water 
contacts, where these occur in the middle of oilsands, and this is 
obtained partly by careful cable tool coring and partly by the use 
of the “‘ Dionic Tester,’’ a device which allows conductivity measure- 
ments of water samples to be made very rapidly, and which is 
most useful in allowing changes in the type of water in a well to be 
“spotted ” quickly without recourse to chemical analysis. 

Rotary Drilling.—The most interesting developments during the 
past year, both in India and in Burma, have been in connection 
with deep test wells, where pressure equipments have been used and 
great attention has been given to the quantity and quality of mud 
fluid available. The problem of cementing deep wells under high 
pressures, using both collar casing and flush joint casing, has 
demanded and received considerable attention, and to a large 
extent the difficulties inherent in such operations have been 
overcome. 

Mud Research.—The presence of high-pressure water sands has 
stimulated research on the sealing effect of mud fluids, and after 
vareful experiments it has been concluded that it is most unlikely 
to be possible—by non-chemical methods—to ‘‘ mud off ”’ a high- 
pressure water sand in such a way that it will remain sealed when 
pressure in the well is reduced below that in the water sand. It 
seems doubtful if even chemical methods will here prove successful, 
as although laboratory results are not discouraging there are very 
serious practical difficulties to be overcome before they could be 
applied in the field. 

Considerable success has attended efforts to prevent the so-called 
heaving” of shales by the use of muds containing minimum 
“ free ’’ water. 

Electrical Logging.—Both in India and in Burma a number of 
wells have during the past year been surveyed by the Schlumberger 
method. It seems likely that results will be valuable for correlation 
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purposes, but it is doubtful whether they will enable us to distinguish 
between sands containing much oil and a little water and those 
containing much water and a little oil. 

Producing Methods.—Taking a broad view of the subject, the 
main advance during the past year has continued to be in the 
direction of making greater use of the gas associated with the 
oil and reducing in every possible way all forms of gas wastage. 
This applies not only to well head producing conditions, where 
in general higher pressures prevail, but to measures taken for gas 
injection—both into largely exhausted sands and into sands in an 
earlier stage of development. 
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Geology of the Oilfields. 
By S. E. Coomper, A.R.S.M., B.Sc. (Student Member), 


THE increasing tendency of petroleum geologists to visualise 
their subject not as a succession of individual structures and strati. 
graphical units, but rather in terms of the evolution of the great 
basins of sedimentation and their subsequent history in relation 
to the question of the source of petroleum, its migration and 
accumulation, is becoming ever more marked. During the year 
under review the published literature bore witness to this fact, 
and it may well be that, judging from the papers read, the World 
Petroleum Congress, held in London during the past summer, 
provided both a stimulus and an opportunity for the ventilation 
of this point of view. 

A section of the proceedings of the Congress was devoted to the 
discussion of the regional distribution of oilfields and, for the most 
part, those taking part interpreted the title in its broadest sense. 
Thus we have the papers by Dr. Wade! and Prof. Illing,? in which 
the general distribution of petroliferous areas throughout the 
world is examined and the reasons for such distribution discussed. 
Apart from the general importance of the subject, interest is aroused 
by the totally different lines of attack of the two authors. Dr. Wade 
invokes Gutenberg’s theory of Continental spread and, with the 
aid of Trask’s theory of the origin of petroleum, is then able to 
explain the location of the world’s major fields; whereas Prof. 
Illing reviews the physical processes involved in the origin, accumu- 
lation and preservation of petroleum, developing his subject from 
the first principles of geology. The all-important question of 
source rocks was ably dealt with by a number of authors, the 
areas under discussion ranging from Burma to Persia, Germany 
and Canada. The title ‘“‘ regional ”’ is therefore seen to be fitting. 
In this connection the paper by Dr. Lees,* on ‘* The Source Rocks 
of Persian Oil,” is welcome, not only for the recognition it gives 
of the practical as well as the academic importance of this work, 
but for the broad scheme of research which he announces is being 
undertaken with regard to the source of Persian oil. 

It must not be inferred, however, that publications concerning 
the above aspect of petroleum geology were limited to the Congress, 
and mention must be made of a paper by A. I. Levorsen.* He has 
constructed the probable geological outcrop maps for. the United 
States at three periods of its geological history, and suggests the 
use of these maps for the search for new oilpools, bearing in mind 
the facts which govern the occurrence of many of the known fields. 

Turning now to the description of particular areas, and commene- 
ing with Europe, we find that no new discovery of importance 
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has been made in Germany. The question of the origin of the 
German oil is still the centre of controversy and definite evidence 
on that point is still lacking. The theory that the Mesozoic and 
Tertiary oil in the German basin originated in the Permian and 
migrated from there up fracture planes to its present position 
is again put forward by Moos,’ who refers to this oil as ‘‘ secondary,” 
the “‘ primary”’ oil being that which is produced directly from 
the Permian, as at Volkenroda. Romanes,* on the other hand, 
points out that conditions in the Mesozoic were suitable for source 
rocks, and that in view of the type of the Mesozoic reservoirs, such 
as the lenticular Dogger sands, it is not easy to imagine their 
saturation being due to long distance migration. In view of 
the complexities of the question the controversy will no doubt 
continue in its present form until more detailed research work 
on the oil and on probable source rocks is made. It may be 
noted here that good oil shows have been found in the Lower 
Zechstein dolomite at Volkenroda, the main reservoir rock being 
the ““ Haupt dolomit ” of the Mid Zechstein, and Deubel’ considers 
that the Zechstein oil originated in these dolomites and also in 
the upper Zechstein dolomite. 

Geological, geophysical and drilling work are being continued 
throughout the German basin, but no new encouraging discovery 
has yet been made. The failure of the deep well in the Elm struc- 
ture in Brunswick which was to test the deeper horizons, more 
especially the Mid Zechstein, was a disappointment, and so far 
it remains the sole attempt to test Zechstein oil possibilities outside 
Thuringia. Details of salt masses discovered by geophysical 
methods continue to be published, and a certain amount of drilling 
has been done on these new structures as in the case of a salt 
stock in Oldenburg, described by Kaselitz.6 These test wells, 
however, have all been dry, but it is to be hoped that the active 
support which the German Government now offers to wildcat 
drillers will result in increased drilling activity and the discovery 
of new areas. Drilling continues in the proven areas, although 
the only satisfactory results at present are those obtained in the 
Northfield at Nienhagen, the limits of which are being constantly 
extended. 

Work in Austria has been more or less confined to the Vienna 
basin, where drilling for natural gas is taking place near Vienna. 
Oil is also being produced in the Egbell and Goeding fields, but 
those are now Czechoslovakian territory. These occurrences are 
mainly in the Sarmatian (Upper Miocene), although there seems 
to be some reason to believe that the Mid and Lower Miocene 
may also be productive. Oil has been found somewhat to the 
north" f Vienna in the Zistersdorf area, but in that case it is deeper 
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and comes from the Flysch, which is there probably in a very 
disturbed position and further outlook for the area is therefore 
uncertain. The main details of the occurrences of oil and the 
geology of the area have been well summarised in Dr. Waagen’s! 
paper to the Congress. 

A paper on the occurrence of petroleum in Albania?® is of interest 
in giving notice of a little-known area in which drilling has been 
done. With the exception of a paper describing magnetic measure. 
ments in the Pechelbronn field" publications referring to the 
other European areas are apparently more or less confined to 
publication reports. 

Exploration and drilling work are being actively carried out 
in Russia. In the Lok-Batan field’ on the Caspian, no fewer than 
800 wells have been drilled in little more than a year. The situa. 
tion there is of interest, as the field is closely linked with the question 
of mud volcanoes and in view of the fact that well No. 45, which 
was drilled in an area of mud volcanoes, was a gusher, Gubkin 
considers that the mud breccia is the result of gas explosions and 
consequent destruction of crater rocks. The work of Dr. Kugler" 
on the mud volcanoes in Trinidad may here be quoted as confirming 
this point of view in another region. In a paper which gives a 
detailed description of the ‘‘ sedimentary volcanism ”’ in Trinidad, 
he comes to the conclusion that the cause is gas and oil pressure 
in fractured zones, the eruption taking place when the resistance 
of the overburden has been sufficiently diminished by some cause 
such as denudation, desiccation cracks, etc. The importance of 
this subject from the economic point of view lies in the fact that 
it appears certain that there has been migration of gas, oil and water 
along the resultant cracks and fissures, and in certain iocalities 
it appears that the migration is responsible for the accumulation. 
The Ural Emba region of Russia?‘ is a salt dome area and, although 
it was drilled as long ago as 1890, it is now receiving fresh attention, 
and present day work tends to show that the area may be extended 
to the Volga. It is of interest, when bearing in mind the question 
of Zechstein oil in Germany, to note that strata below the salt 
have proved to be oil bearing in the Aktubinsk area, and it is possible 
that work in this area may prove to be of assistance in solving the 
vexed problems of the origin and migration of German oil. 

After a period of relative quietness, Iraq is once more to the fore. 
The fields on the east of the Tigris are ready to produce as soon 
as the pipe line to the Mediterranean is completed, and active 
development work is being pursued west of the Tigris and along 
the Euphrates. In addition to the areas in Iraq, developments 
are also taking place in the Persian Gulf, on Bahrein Island. 
Drilling has already started and good shows are said to have 
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been obtained. A good account of the oil region of Traq has been 
given by ©. P. Nicolesco,’®> who has collected together all the 
published matter concerning petroleum in that country. In addi- 
tion to the previously mentioned research work on source rocks 
in Persia, a detailed study of Lower Fars stratigraphy is being 
made with the object of unravelling to a greater degree than 
hitherto possible the complicated tectonics of this formation. 
Geophysical surveys of new areas have also been carried out.!®* 
A discovery of bituminous sandstone near the Abu Durba field 
in Sinai has been described by S. P. Mitchell.1*® Large quantities 
apparently are available, but it is probable that commercial 
exploitation will be hindered for the present by the absence of 
transport facilities. 

As already mentioned, the source rocks of Burma’s oil was 
dealt with at the World Petroleum Congress. In that paper 
G. W. Lepper’? discusses the conditions of deposition in Assam- 
Arakan and in the Chindwin-Irrawaddy valley of Burma, and 
his conclusion is that the essential conditions for the occurrence of 
oil pools in Burma is the formation and preservation of closed 
structures on the margin of an extensive, depressed area in the 
general basin of deposition. The oilfields of Burma and India are 
reviewed in a paper by Dr. Stamp,!* details being given of the 
structure and production of each field, whilst Dr. Cotter'® has ably 
summarised the general geology of that area. 

Petroleum geology in the United States is represented by the 
usual wealth of papers, an embarrassing wealth, perhaps, when 
it is one’s duty to attempt to review them. Texas naturally 
occupies a foremost position in the literature. The East Texas 
field which has given rise to so much interest in the past few years 
is now being restricted to a production of 270,000 barrels per day, 
although Minor and Hanna” state that the potential production is 
from 2-4 million barrels per day. The same authors also give 
interesting data concerning tests on the porosity and permeability of 
the sands, and it will be seen that, whilst the porosity is not excep- 
tional, being of the order of 19 per cent., the permeabilities are high. 
The Amarillo district of Texas is well dealt with by Cotner and 
Crum,2! who give an account of the stratigraphy and the structure 
of the field, and also discuss the questions of the origin and 
accumulation of the oil and gas. Among other districts of Texas 
which have been described, one may mention the Darst Creek 
field” in Guadalupe Co., which lies to the east of the Balcones 
Fault ; the Driscoll Pool?* in Duval Co., a sand lens area, and the 
Kelsey Anticline,24 Upshur Co., an area in which drilling has been 
unsuccessful probably owing to the structure not being closed 
early enough. The structure and accumulation in Ector Co. have 
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been discussed by Young,2> whilst Barton*® describes the surface 
fracture system of South Texas. 

Salt dome problems claim their share of attention, and cases of 
overhang in the Texas and Louisiana salt domes are described 
by Judson and Stamey.”” Since the big production obtained at 
Barber's Hill, eleven overhangs have been discovered, nine of 
which are in the coastal plain. A description of each of these 
domes is given. Overhangs have been determined in advance of 
drilling by using geophysical methods. The seismic methods have 
proved very valuable in that respect and are probably the most 
used for the purpose. The favoured theory for the cause of over. 
hang in these domes is that of circulating waters causing solution 
below the massive cap rock, but Barton has lately put forward 
another theory which involves tilting of the axis of the salt core. 
Unfortunately, full details of this theory have not yet been pub- 
lished. Deeply buried salt is suggested as being responsible for 
the structure of the Racoon Bend field?* (Texas) and the Sugarland 
field,2® Fort Bend Co., Texas. 

The application of geophysics to broad, structural probiems is 
illustrated by work done in the Gulf Coast area® and in the Wichita- 
Arbuckle area.** In both cases a geosyncline is under considera- 
tion. In the case of the Wichita-Arbuckle district it is suggested 
that the Plateau region of the Mid Continent is crossed by a geo- 
syncline and that subsequent folding formed the Wichita and 
Arbuckle mountains. Drilling and geophysical evidence tend to 
confirm Van der Gracht’s view that the Arbuckles are a separate 
series of folds from the Wichitas. In the Gulf Coast area, the 
evidence points to the presence of a geosyncline in the basement 
of the Texas-Louisiana Gulf Coast. 

The origin of the Western Kentucky asphalt deposits has been 
discussed by W. L. Russell,** who suggests the action of circulating 
ground waters on oil as their cause. The deposits are found on 
the south-eastern edge of the Eastern Interior Coal Basin, and 
occur mainly in the basal Pennsylvanian and the Cypress sandstone 
of the Chester series. An interesting occurrence of oil, although 
not in commercial quantities, is that in the Oklahoma-Kansas 
zinc-lead mines,®* where oil has concentrated in sharply flexed 
domes and is collected in sumps in the mine workings. 

A classic example of a field in which the surface geology is not 
simple reflection of subsurface structure is provided by the 
McKittrick field. The usually accepted explanation has been 
based on overthrusting from the west, but a new theory is nov 
proposed by Taff.*4 In short, he considers that the cause of the 
structure has been the elevation of the Temblor Range and the 
folding and faulting of a mass of Miocene strata. This was followed 
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in Pleistocene times by landslides, the beds being partially lubri- 
cated by water and, under the force of their own weight, sliding 
downhill. The movement culminated in a total drop of 2000 ft., 
and a forward movement of 2 to 3 miles, it being contended that 
it is not yet complete. Another interesting account of continued 
movement is that given by Koch** in an account of the Buena 
Vista field in Kern County. In that case the Buena Vista anticline 
is traversed on its southern flank by a thrust, and movement 
along the thrust plane has been proved by wells in which casing 
has collapsed and parted. A movement of 15} in. has been claimed 
in some cases. 

The amazing thickness of the producing horizon—1500 ft.—in 
the Kettleman Hills fields permits it to be classed as one of the 
world’s major producing areas. Although actually no new dis- 
coveries can be claimed in the area, much detailed work is being 
done on stratigraphical problems and micropalzontological work 
and well core data have resulted in considerable revision of the ideas 
of earlier workers. This work also naturally leads to reflection on 
the source of the oil, but although Gester and Galloway**® suggest 
the shales under the Temblor as a likely source, it is admitted that 
source rocks are also possible both in the Temblor and above it. 

The prospects for oil in Florida and in Utah have been examined 
by Jenny*? and by Hansen.** Jenny concludes that, whilst Florida 
cannot be condemned on stratigraphical grounds, the gentle and 
regional structures so far found are not favourable to accumulation. 
In Utah the prospects cannot be classed as quite so unfavourable 
and Hansen distinguishes three areas which may be of interest. 
In one of these, the Salt Valley salt dome structure, a test well is 
already being drilled. 

Among the papers presented to the World Petroleum Congress 
was one by Dr. Hume*® in which he reviews the known occurrences 
of oil in Canada and then goes on to discuss the probable source 
rocks, coming to the conclusion that the greater part of the oil 
originated in the Jurassic, migrating from there to its present 
position. Central and Northern Alberta provide an exception to 
that, the source there probably being the Cretaceous. Other 
contributions to the study of the oil regions of Canada are those by 
Campbell Hunter,“ who discusses the oil prospects of Western 
Canada and finds them favourable ; another paper by Dr. Hume," 
in which he describes various areas of Western Canada; and a 
paper by Craig,’ describing the Cameron Creek area. 

Important work is being carried out by the various companies 
operating in Venezuela, more especially on the exploration side, 
but little has been published during the last year. Two important 
publications have appeared which deal with the geology of the 
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northern part of the South American continent in a general manner, 
The first of these is a paper by Sheppard® on *‘ Outlines of 
Ecuadorian Geology.’’ Ecuador still remains to a vast extent 
unmapped and the only geological map of the country is one ona 
scale of 1: 2,000,000, published in 1892 as an appendix to 
Dr. Wolf’s book. This new account will, therefore, be welcomed 
as filling a long felt need. H. de Cizancourt** deals with the tectonic 
structure of the Northern Andes, dividing them into three tectonic 
elements, and considers that the oilfield regions are directly related 
to these units, the major fields lying on the border of his first zone, 
the geosynclinal zone. This includes the Eastern Cordillera of 
Colombia, the mountains of Perija and Merida, and the Caribbean 
range. The search for oil in the Argentine*® is being continued 
and an account has been given of the use of geophysical methods 
in three areas for the elucidation of subsurface structure. 

In concluding this account of the regional aspect of petroleum 
geology during the year 1933, passing mention should be made 
of the search for oil in Australia. Work has been continued for 
many years now and much data have been collected. Dr 
Woolnough** has described the known occurrences and indicated 
areas where conditions are not unfavourable. Australia was missed 
by the folding movements of the Tertiary period and thus pre 
Tertiary oil would seem to be the only hope. Detailed surveys are, 
therefore, necessary to locate structures and determine the degree 
of preservation of structure in the more favourable regions. 
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Geology of Petroleum. 
By Prof. V. C. Iuure, M.A., F.G.S., M.Inst.M.M. (Member). 


Tue following record of progress in the field of general petroleum 
geology makes no pretence of being exhaustive. Its aim is rather 
to indicate the main fields of inquiry which have excited interest 
and the trend of thought as indicated by published papers and 
discussions. The literature on the natural history of petroleum 
grows steadily in volume, but much new ground will have to be 
broken up before some of its fundamental problems are finally 
solved. 

This is well illustrated by the issues which have been raised 
with regard to the genesis of petroleum, a subject which is of 
no mere academic importance, but is closely connected with the 
discovery of new oilfields. In spite of the interest this subject 
never fails to arouse and the voluminous contributions of many 
authors, no measure of agreement has been reached, and each 
year brings its crop of mutually contradictory theories: _ this 
is probably due to the fact that the genesis of petroleum entails 
several quite separate conceptions. There are, for instance, the 
questions of the original source material, and, on the other hand 
the mode of change of such material into the crude oil: two 
intimately related but quite distinct branches of inquiry which 
should be kept distinct in the preliminary stages of investigation 
Not that these issues are not intimately connected, but merely t 
simplify the issue and obtain some progress. Furthermore, it 
must be realised that the genesis of petroleum involves geological 
chemical, biochemical and physical questions demanding contribu 
tions from all these points of view. It is useless to contend that 
each of these groups of contributors will not stress the importance 
of his own particular view. In other words, genesis has becom 
the happy hunting ground where the various sciences mect and 
agree to differ. It is to be hoped that the future will show mor 
evidence of collaboration, for though the fundamental evidence 
must be in the nature of the case geological (the question being 
not how can oil be generated, but how oil is generated in nature 
yet many of the geological theories are prone to be weak whel 
critically examined from other points of view. 

The discussion which arose in the Geological Section of th 
World Petroleum Congress showed that this need for collaboration 
has been grasped, and in the case of the Persian oilfields 4 
programme of research is now in being which will attempt to solv 
the issues by trying all lines of attack.! 

By general consent the trend of thought at the Congress on thi 
fundamental issues governing the regional distribution of petroleum 
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could be reduced firstly, to the simple issue of source rocks, and 
in the minds of most speakers source rocks involved sediments 
charged originally with organic material. In the main the environ- 
ment of deposition was accepted as a marine one, and there was a 
distinct tendency to consider a marine embayment or basin as 
favourable. These conclusions, based in most cases on the indi- 
vidual studies of particular regions, are on all fours with those 
of the A.P.I. in the United States. The results of research work 
carried out by this Institute over the last seven years, and sum- 
marised recently by P. D. Trask, reduced the issue to the same 
study of organic sediments.2, Among the conclusions reached, 
two are of fundamental interest. Firstly, the time period shortly 
after deposition of sediments is of major importance in the genera- 
tion of petroleum, and, secondly, the percentage of organic matter 
in the source rocks need not be high. These two conclusions are 
an independent and valuable support of the view that oil generation 
and sedimentation are closely linked; and, further, that before 
the oil can become a valuable deposit, it must undergo considerable 
segregation. 

Turning now to the application of the idea of source rocks to 
particular regions, we have the interesting suggestions put forward 
by Dr. G. S. Hume* that the Jurassic sediments are the dominant 
source rocks in the southern plains of Alberta; whereas further 
north it is the Lower Cretaceous which, having changed meanwhile 
to a marine type, is the probable source rock. In Burma, the 
source rocks are stated by G. W. Lepper‘ to be marine sediments 
laid down in a gulf under relatively shallow water conditions, and 
the present producing areas are claimed to have occurred as closed 
structures on the margins of depressed areas in the general basin. 

Where, as in the case of Germany, the oil is found at many 
different geological horizons, and the structural conditions are 
sufficiently complicated to allow a considerable amount of trans- 
formational migration, the difficulties of identifying the source 
rocks are greatly increased. This is reflected in the divergent 
conclusions of different authors,> some of whom would regard 
all the oil as originating below the salt in the Paleozoic, whereas 
others ascribe all but the Thuringia occurrence to source rocks 
in the Jurassic and Lower Cretaceous. No cogent arguments 
have as yet been discovered which will settle this matter, and 
obviously there is much room for further work on the nature of 
the oils and the contents of some of the presumed source rocks. 

It is unfortunate that the study of the method by which organic 
matter is turned into petroleum has not yet achieved any unanimity, 
and it may be noted that while two geologists may agree that oil 
is of marine organic origin, they may disagree fundamentally on 
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the method of the change. The theory of thermal and dynamic 
metamorphism still retains a large body of adherents, though the 
trend of opinion seems to be swinging in favour of a bio-chemical 
agency. J. Jung supports the theory that oil formation is a 
fermentation process, and critically examines the suggestions put 
forward some years ago in the Institution’s Journal by Dr. McKenzie 
Taylor, arriving at the conclusion that although the theory requires 
modification there are points in its favour.’ 

Lest it be thought that the inorganic theory of oil formation 
is dead and ought to be decently interred, we are at intervals forced 
to bestir ourselves in the face of its revival in one form or another. 
On this occasion we have the cosmic theory® revived with the 
recapitulation of the familiar arguments in its favour and a review 
of the weaknesses of the organic theories. This ground has been 
covered many times and regarded as familiar, but the fact is that 
no cosmic or any other inorganic theory can explain the funda- 
mental fact of the stratigraphical distribution of petroleum. It 
is on this broad basis that the organic theories rest, not on the 
validity of the chemical arguments. 

Turning now from the subject of genesis to that of the accumu- 
lation of petroleum, the author has attempted in the Journal of 
the Institution® to discuss the main factors which govern the 
segregation of petroleum and its accumulation in the more porous 
rocks. The major forces are considered to be compaction and 
rock pressure, the segregating influence being filtration at the 
outflow of fluids from the coarse to the fine rocks, while within the 
coarse rocks themselves many influences govern the local distribu- 
tion of the oil and gas, but the main factor is flotation. Turning 
now to specific cases, it is of interest to note that the porous condi- 
tions within the Asmari limestone in the Persian fields are ascribed 
by Dr. G. M. Lees to the influence mainly of minute fissures.” 
It is this fissuring which appears to govern the yield of oil, and 
though some dolomitisation occurs, its influence on porosity 
appears to be questionable. These views are based on the examina- 
tion of numerous cores, and they draw attention to the oft forgotten 
fact that a considerable amount of permeability may be given to 
a rock mass by bedding planes, joints and other fissures ; and, 
further, that movement along such zones is far more easily obtained 
than through the pores of the rock. The result is that the recover- 
able oil in such fissures is a far higher proportion than where the 
oil lies in capillary interspaces, so that though the total bulk 
porosity may be low the oil extraction may be appreciable. 

The subject of salt domes, their genesis, form, and their relation- 
ship to neighbouring oil accumulations has produced a continuous 
stream of literature. The discovery of good production under an 
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overhanging flank of salt at Barbers Hill has been the main spur 
to such studies; but it is wrong to believe, as many authors on 
American salt dome fields appear to believe, that these overhanging 
conditions are unique. They have been known in Europe both 
in Germany and Rumania for many years, the examples of the 
former being still the best on record. S. A. Judson and R. A. 
Stamey" give a summary of all the known cases of overhang in 
the salt dome fields of the Gulf States and review the theories 
put forward to explain such phenomena. It might be worth 
noting in passing that if it be accepted that a salt mass is locally 
an intrusive phenomena, and if, too, it be allowed that the flanks 
are often close to the vertical, a certain amount of overhang may 
not be surprising and does not appear to call for any separate 
explanation, though it is true that in some European examples 
local overthrusting seems to be the main cause. 


The whole subject of the formation and growth of salt domes 
in the Gulf States receives a detailed review from D. C. Barton.” 
In contrast to conditions in Germany, he considers that lateral 
stresses can be ruled out as a contributory cause, and regards the 
salt domes as initiated and governed by the vertical pressure of 
the weight of sedimentary cover. Reviewing the conditions 
governing their growth he considers the two main possibilities of 
up-growth and down-building, the latter process being dependent 
on a sinking basin filling up with sediments. In the former cases 
the energy of salt intrusion is sufficient to overcome friction and 
to lift the salt against its sedimentary cover. In the latter case 
the available energy was insufficient to raise the roof and the salt 
cap remains stationary in space, though the salt “stalk” is 
continually lengthening as the main salt bed gets deeper and 
deeper in the sedimentary basin. Cessation of growth is ascribed 
to two main causes, equilibrium of conditions or exhaustion of the 
salt supply near the base of the salt dome. 

While dealing with these questions of movements which are 
apparently unrelated to any external lateral stresses, it may not 
be out of place to draw attention to a set of phenomena described 
by Dr. Woolnough."* He cites many cases of folding and contor- 
tion in Australia where the stresses appear to be produced 
internally, mainly by absorption of water and consequent expansion. 
In some cases, as for instance in Bentonitic clays, the resultant 
expansion is very great indeed, and this may account for some 
of the curious mud flow structures noted long ago in Papua. 

Turning now from the genetic and structural aspect of petroleum 
to the whole subject of petroleum exploration in its widest sense, 
there has been marked attention paid to this side of the question, 
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quickened no doubt by the World Petroleum Congress. All the 
main methods of surface and sub-surface investigation were 


noted elsewhere, but the papers of A. Beeby Thompson" and 
Dr. Zuber,)> on the surface evidence of petroleum, ventilated a 
most important subject. In detailed correlation so essential to 
success in petroleum geology, the petrologist and the palzonto- 
logist have full scope for their work. Methods of correlation by 
heavy minerals are described by Messrs. Evans, Hayman and 
Majeed,}* while other authors consider the detailed shapes and 
sizes of the sand grains.” A paper, by Dr. W. L. F. Nuttall,” 
on the application of micro-palezontology to petroleum geology 
draws particular attention to the need for accuracy in the identifica- 
tion of the smaller foraminifera. 

Apart from the papers on this aspect of the subject contributed 
to the World Petroleum Congress, the Journal of the Institution 
has been enriched by Dr. H. G. Kugler’s description of the 
phenomena associated with the movement of gas along fissures 
in Trinidad and called by him “ Sedimentary Volcanism.’”* It 
would appear that there is a great wealth of evidence of trans- 
formational migration of gas and oil available in the Trinidad 
fields, and the author cannot do better than quote a contribution 
by G. H. Scott’ on this subject :— 

“It appears certain that there has been extensive migration 
of oil, gas and water along crevices and fissures, and in certain 
localities there is definite evidence that such migration is the sole 
mode of accumulation. 

“It is only possible to make passing reference to the evidence 
for this type of migration, but it may be stated that by detailed 
study of core samples and the analyses of the oil from the individual 
wells, it has been possible to indicate the zones of influence of the 
main injections and their relative ages. So abrupt are the changes 
of oils in some cases that they permit of the underground delinea- 
tion of faults and fault zones with marked accuracy, often a matter 
of great difficulty in fields characterised by deltaic types of sedi- 
mentation. 

“ Judging from experience in Trinidad, it is very possible that 
while the original accumulation of oil in the original reservoit 
rock may have necessitated a persistent sandy facies, and the 
existence of a structural uplift for the gravitational differentiation 
of the oil and water, the subsequent crevice and fissure migration 
was only dependent on the fact that the structural uplift was 4 
zone of instability and that epianticlinal faults and adjustments 
formed crevices and fissures which allowed the oil to travel through 
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otherwise impermeable beds into overlying barren sands. In no 
other way is it possible to explain the existence of dry sands within 
an oilsand series, the existence of unnaturally light oils along lines 
of dislocation, and the finding of heavy oil or water trapped in the 
same sand as light oil. 

“ It is not wished to infer that such migration is a characteristic 
of all sands or all structures in Trinidad, but it would appear 
that many of the spectacular wells owe their high productivity 
to its influence.” 

The broader relations between purely stratigraphical studies 
and the discovery of new oilpools is emphasised by A. I. Levorsen.”! 
He summarises his data in the form of three geological maps, 
which attempt to represent the outcrops of the main formations, 
at times corresponding to the base of the Mississippian, Pennsyl- 
vanian and Comanchian. Deductions from these maps are claimed 
to have considerable value in the search for new oilpools based 
on shore line conditions. The method is not new, but its broad 
application indicates the value of extensive studies of a purely 
stratigraphical nature in view of the light which they throw on 
conditions of deposition, a vital factor in the accumulation of 
petroleum. 

The application of petrology to correlation has been touched 
on above, but the detailed study of the rocks is also of great 
importance from a physical point of view, and several papers 
have been published on the determination of porosity and 
permeability.” 

The movement ef gas, oil and water in sands is probably 
governed by many factors. One of these which has excited 
considerable comment since it was elevated by Stanley Herold 
to a controlling condition in some oilpools, is the Jamin effect. 
This influence is considered by R. Wright,” and is stated by him 
to be inoperative in experimental conditions. A careful considera- 
tion of the true conditions in a sand would support Wright's 
contention, for it is quite misleading to compare the conditions 
within the pores of a sand mass to those of simple capillary 
tubes. 
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Geophysics. 
By H. Saw, D.Se., A.R.C.Se., D.1.C., FInst.P. 


HE intensive search for buried oil structures by geophysical 
methods continues, and nowhere has the activity been so great as 
in the Gulf Coastal Plain of Texas and Louisiana, where geophysics 
has now become closely interwoven into the development and 
exploration programmes. 

Of the 63 discoveries credited to geophysical methods during 
the year, 45 have been proved productive, and investigations 
are at present being pursued with increased vigour. Apart from 
oil work, however, geophysics has been comparatively neglected, 
and there has been little activity during the year on mining 
prospects. 

The seismic reflection method is now in the ascendant, and has 
been employed most extensively, after which ranks the gravity 
method, and these two methods have accounted for the bulk of 
the geophysical activities. The seismic reflection method has 
succeeded in giving reflection horizons at depths greater than 
8000 ft., and has also been used for the construction of subsurface 
contour maps. Magnetic surveys have been made on a much 
smaller scale than in previous years, but in the electrical method 
electrical coring has developed considerably and has been employed 
more than at any time. 

Geophysical methods have also been successful in discovering 
a number of salt domes and structures, in the N. German plain, 
chiefly in the Provinces of N. Oldenburg and Hanover.2 The 
majority of these have been discovered by the torsion balance 
and checked by refraction shooting. The reflection method has 
also been introduced into this area, but as yet is not fully estab- 
lished. An extensive survey, combining the magnetic and torsion- 
balance methods, has been conducted over the Munich Tertiary 
Basin of Southern Bavaria, with a view to determining the presence 
of petroliferous types of structure.* In Persia, geophysical work 
has been continued with the seismic method, and reflection shooting 
has been tried with success. 

In Trinidad, geophysical surveys were carried out in various 
localities in order to supplement geological knowledge in areas 
covered by thick blankets of alluvium and recent flows of detritus 
ejected from mud volcanoes. Torsion balance and magnetometer 
methods were used, and these in general were found to substantiate 
previous geological interpretation. In one area the gravity 
results pointed to a regional diminution of mass south of the 
island, which tends to confirm the geological evidence that folding 
in Trinidad is asymmetrical, and suggests that a thick cover of 
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alluvial deposits conceals the more solid geology in the area to the 
south. In swampy areas it was necessary to set the torsion 
balance on “ piles,” and even then the movements of the observers 
caused vibration and rendered observation difficult. In another 
area it was found necessary to carry out a more detailed 
topographical survey on account of small isolated hill masses 
concealed by forest growth. Recent surface mud flows were found 
at the surface, and care was necessary to fix the stations well away 
from these boulder beds. 

Geophysical methods have been employed in the Argentine, where 
the seismic and torsion balance methods have succeeded in giving 
valuable structural information.* 

The regional tectonic features of the Wichita-Arbuckle mountain 
region has also been investigated by geophysical methods, where 
the magnetic and gravitational data have been found to support 
the theory that the Arbuckles form a separate system of folds and 
are not connected with the Wichitas as was formerly accepted .® 

Following upon the general reduction in size of torsion balances, 
and the speeding up of observations such as was made possible by 
the introduction of the gradiometer, instrumental development has 
been directed towards the production of static apparatus for the 
measurement of gravity. 

Although work on this type of instrument has been in progress 
for a number of years it is only recently that successful instruments 
have been produced, capable of giving results of the required degree 
of accuracy, under field conditions. Improved instruments of 
this type will undoubtedly be of growing importance in supplement- 
ing torsion balance results, and in adding new data of both scientific 
and commercial significance, particularly in large regional studies. 

The Brown and the Lejay-Holweck apparatus,* both of which 
have been used with success to measure the total value of gravity, 
each employs a pendulum, the oscillations of which actuate photo- 
electric cells, the impulses being amplified so as to operate a 
chronograph pen. The receiver is in each case so designed as to 
enable the pendulum to be readily clamped without removing it, 
while most of the auxiliary apparatus is permanently mounted 
in a truck. These gravimeters have been found to give reliable 
results and under field conditions over a considerable period. 

A barometrical gravimeter, of improved construction, which has 
been developed at Potsdam’ has been used with success on a moving 
ship, as well as on the ground with the instrument suspended in a 
car. Results obtained with this apparatus have shown that the 
mean error of the statical measurements was about --3 milligal. 
Development of the Cambridge apparatus has recently increased 
its portability and the accuracy of obseryation®® enabling a relative 
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determination of “g”’ to be made with an accuracy of one in a 
million, by observing two series of swings of an hour each. 

Pendulum observations alone are, however, not always sufticient 
for obtaining a clear picture of the structure of the subsoil and under 
these circumstances must be supplemented by other methods. In 
certain regions of the North German Plain, for example, regions 
of maximum gravity do not always correspond to the accumulation 
of masses, and a minimum gravity value may be observed some- 
times above a large tectonic mass.!° This phenomenon is explained 
hy the fact that the pendulum is less affected by masses dis‘ cibuted 
on the surface of the earth or at accessible depths than by masses 
at very great depths. 

Results of gravity surveys over the Zwischenahn dome in 
Oldenburg, N.W. Germany," over an area in 8.W. Mecklenburg,” 
in Sicily!® and in the E. Indies'* have been published, all of which 
illustrate the effectiveness of gravitational measurements in 
elucidating regional problems and detailing structural features. 

The interpretation of torsion balance data has continued to 
receive attention!’ and modified methods have been proposed!® for 
determining the subsurface features directly from the gradients. 
New methods have also been introduced” for estimating the topo- 
graphical effects with greater accuracy, while the determination 
of the gradient and curvature values resulting from any assumed 
anomaly is greatly facilitated by the use of mechanical integrators.!* 

Although the magnetic method has not been used extensively 
in the Gulf Coast region, there are many examples of surveys in 
which the magnetometer has been actively employed in the search 
for oil-bearing structures. 

The discovery of the Volkenroda Oilfield has reopened the 
discussion of the structure of the Paleozoic floor in the area between 
the Thuringia Uplift and the Harz Mountains of Germany. A 
regional magnetic survey of this area has been completed,'*® and 
the resulting magnetic anomalies are shown to be related to the 
crystalline structural axis and to Mesozoic * Saxonian ’’ mountain 
building. The source rocks of the Middle “ Zechstein”’ are 
assumed to be deposited in the geosynclines between the crystalline 
bridges. in accordance with the views of Heidorn and Schlueter. 
Their edges—particularly when crossed by anticlines with a 
N.W.-S.E. trend—offer the relatively greatest probability of 
commercial oil accumulation, as is the case at Volkenroda. 

Magnetic measurements of a very high order of accuracy are 
essential for geological interpretation in sedimentary regions, as 
the magnetic anomalies due to these deposits are of comparatively 
small magnitude. 
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Regional magnetic anomalies which may be interpreted as 
affected by crystalline basement rocks (e.g.. igneous intrusions 
are of major importance, while the edges of magnetic disturbing 
bodies may be considered as areas favourable to the development 
of structural dislocations of various types, such as thrust faulting 
and salt plugs. 


In the East Harz region an extensive parallelism was noticed 
in the gravity and magnetic results, pointing to deep seated 
geological structures as the source of the magnetic anomalies” 
It was possible to locate the centre of disturbance more accurately 
by the magnetic method, by which means the course of the Kossmat 
crystalline zone was accurately determined. 

The zone of crystalline primitive rocks was also established by 
the magnetic method™ and traced from the Saale to the Elbe, 
but owing to the large anomalies in this area the effect of the 
sediments was to a great extent concealed, and the influence of the 
diluvial formation could not be established. 


99 


A magnetic survey conducted in the Conroe Area,” when few 
wells were in existence, has also produced results of an interesting 
nature. The position and outline of the field when superimposed 
upon the magnetic results show a resemblance of outline which 
is outstanding. 

The careful consideration which is always necessary when 
conducting geophysical observations is emphasized by an inter- 
esting investigation which has brought to light the importance 
attained in certain areas of the cumulative effect of all the well: 
casings. Minimum values of the vertical magnetic intensity are 
observed over most oil fields of the North-American-Mid-Continent, 
and van Weelden* has shown that in certain cases the accumulated 
effect of the very large number of densely spaced wells can account 
for these anomalies. For the Healdton field in Oklahoma, for 
instance, the influence of all the wells is shown to be of the same 
magnitude as the observed local anomalies, while the magneti 
effect of the tectonics of the strongly folded ‘‘ Hewitt ” field is 
negligible compared to the influence of the well casings. 

Magnetic observations over petroliferous areas have also been 
undertaken at Pechelbonn,** and in the “Subherzyne Becken,” it 
North Germany,”® while interesting surveys have also been con- 
ducted in Sicily, 2¢ Syria,” Australia,?* Balkan Peninsula,2® Moldavia 
and Bessarabia.*° 

Extensive magnetometer surveys have also been in progress it 
the Witwatersrand where Krahmann and Reinecke*! have succeeded 
in locating the position of the Main Reef Series below the dolomites 
Major faults have also been located under the dolomite, and 
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efforts are now being made to determine the position of the outcrop 
of the Main Reef Series below the dolomite cover. 


Instrumental developments have in general been directed to 
the compensation of effects due to changes of temperature, so 
that within reasonable ranges of temperature the errors due to 
temperature changes have been almost eliminated. New magnetic 
field balances and methods have been introduced™*3 which aim at 
increased accuracy, while other instruments have been 
constructed**.35 by means of which both the vertical and horizontal 
components may be determined with a single instrument. A 
magnetic gradiometer*® analogous to the gravity gradiometer has 
also been made, for determining the space rate of change of the 
earth’s magnetic field. 


Information concerning the susceptibility of weekly magnetic 
materials is likely to be developed extensively in the near future 
by the use of Rankine’s new torsion magnetometer, of which 
only a rough model has yet been made. This instrument is capable 
of demonstrating in a very convincing manner the paramagnetism 
and diamagnetism of substances of small magnetic susceptibility 
(e.g., water and gases) even under small magnetic fields.*” 


The seismic method possesses one great advantage over all the 
other geophysical methods, in being able to penetrate to consider- 
able depths and in giving a reliable indication of the depth of any 
structural feature encountered. This advantage has recently been 
emphasised by the introduction of the “ Reflection’ method, 
which is particularly suited to the determination of depth. Early 
attempts to use marine “ echo-sounding ” date back to 1913, but 
it was not until 1928 that the method was applied on a commercial 
scale. The special virtues of the reflection method over the original 
refraction method** are the necessity for only small quantities of 
explosive, which naturally reduce the cost very considerably, and 
the increased depth of penetration which in many cases is even 
greater than can be readily reached by the drill. A favourable 
ratio of thickness to depth is no longer required, while the simple 
computation furnishes a direct and definite indication of the depth. 
Experience has shown that in certain areas the frequency of 
“ ground roll’ differs from that of the reflected waves*® and one 
of the most difficult problems encountered by the geophysist, was 
to obtain a clear record of these reflected waves. This has been 
done successfully by filtering out the undesirable “ ground roll ” 


and tuning the apparatus to receive the reflected waves. Under 
favourable conditions it is possible to estimate the depth of a 
reflecting surface with a probable accuracy of +2 metres in a 
depth of 1000 metres.” 
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There is little doubt that the introduction of the reflection method 
is the most outstanding recent development of geophysics, and in 
the hands of a skilled operator, can be applied to the elucidation of 
many structural problems confronting the petroleum geologist." 

In addition to its extensive application in the Gulf Coast areas, 
and other parts of the N. American continent. where it has 
practically superseded the refraction method, the reflection method 
has also been used with success in locating N. German salt domes, 
in investigating the deep salt layers in the region of Emba in 

Russia, * while in Persia a general examination of a new area by the 
reflection method, has given good results. 

Improvements in the refraction method have also been introduced, 
and a new “ arc method ” of surveying has been tried with success 
in Persia.“* Observation stations are arranged at equidistant points 
on the arc of a circle, at the centre of which the explosion is fired. 
The travel times of the pulses are measured at each station and 
plotted against the position of the arc. This time curve gives 
directly a qualitative picture of the underground structure, from 
which the depth contours are readily calculated. 

Investigation has shown that for most rocks near the earth's 
surface, the dynamically determined elastic constants differ con- 
siderably from the respective elastic constants determined 
statically.44 The difference is found to be a function of the porosity, 
as the cracks and other cavities cause dispersion and absorption of 
elastic waves. In Persia, specimens of limestone from cores at 
different depths give different elastic constants when measured 
by a similar optical method.‘® For thoroughly compact rocks, 
and for rocks at depth in the earth, where the pressure insures 
freedom from cavities, it is reasonable to regard them as homo- 
geneous media possessing practically if not quite the same static 
and dynamic constants.**® 

Experimental determinations” have shown that as the pressure 
is decreased a rapid rise occurs in the compressibility, the effect 
being greater in the case of the more porous rocks, while the 
compressibility of an uncovered rock is found to be less than that 
of the same rock when covered. 

The electrical methods have hitherto been of little value m 
prospecting for oil in unknown areas, as the penetration of the 
methods is in general limited to comparatively shallow depths. 
Developments are, however, progressing rapidly and the scope 
and penetration of these methods are being steadily increased, 
while the method of electrical coring has established itself for use 
in furnishing reliable correlation data. 

The Schlumberger resistivity method has been applied success- 
fully over the Aricesti anticline in Rumania,** while the Swedish 
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methods have been employed‘? in elucidating underground 
structures in prospecting for oil. As a result of recent developments 
it has been shown to be possible to determine oil-bearing structures 
at considerable depth even when covered with more than one 
electrical conducting layer. 

Electrical resistivity measurements have been applied to the 
location of lignite deposits in Northern Ontario, where preliminary 
field tests gave promise of success. In practice, however,™ the lack 
of uniformity of the overburden, and the water soaked condition 
of the area with widespread distribution of brackish waters, are 
believed to determine the resistivity conditions, and to render the 
resistivity methods inadequate. 

A new application of the resistivity method concerns the explora- 
tion of areas in which the surface is an expanse of water. A 
special technique has been developed in connection with this new 
type of survey, and has actually been applied in three distinct areas. 
Another problem in which resistivity measurements are proving of 
practical value is in the study of dam foundations and associated 
structures, * and experiments have shown that electrical prospecting 
can render appreciable service in the studies of dam foundations, 
tunnel sites, and other work of this character involved in hydro- 
electric projects. 

Another newly developed method has recently been put forward™ 
based on the simultaneous measurements of an input current 
and the resultant polarization current set up at the junction of 
two beds of different composition. The currents are separately 
recorded by galvanometers. The important features of the 
method are, that it is dependent on the chemical composition 
of the strata, not on the conductivity; that the screening effect 
which limits other electrical methods is almost entirely eliminated ; 
and finally, that records are obtainable up to depths of 6000 ft. 
with an input current of only 1 or 2 watts. A new “ ground 
comparator ” giving increased sensitivity permits the differentia- 
tion of geological formations, the resistivities of which are not 
widely different, and this method has been employed in an electric 
survey of salt deposits near Syracuse.** 

A new form of geophysical Earth Tester has been produced, 
having a lower range than the usual 0-3 ohms,®*° thereby increasing 
the usefulness of the instrument and extending the scale of investiga- 
tions. A further feature has been incorporated which renders 
unnecessary any correction for potential electrode resistance. 

A modification of the Bieler-Watson apparatus, which was 
employed in the Australian (I.G.E.S.) Survey, has also been pro- 
duced in which certain serious disadvantages possessed by the 
original apparatus have been eliminated.** 
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One of the most important of the recent electrical developments 
is Schlumberger’s electrical coring of wells. This method consists 
in determining the lithogical characters of the rocks penetrated 
by means of electrical measurements made inside the hole in its 
uncased part. The measurements are presented in the form of 
two logs, drawn automatically, one indicating the resistivity, and 
the other the porosity of the different beds along the length of the 
hole. This method has been used with success in the oilfields of 
Rumania,” while it has also been introduced in all the Russian 
oil fields.5* It is of particular value in locating unsuspected 
tectonic anomalies, such as faults, and enables water and oil sands, 
but not oil and gas sands, to be differentiated. 


Although no outstanding developments can be recorded in the 
application of the geothermal method, it is of interest to record 
that a certain amount of data has been obtained and correlated, 
and the time is rapidly approaching when these results can be 
profitably applied. Recent geothermal surveys show®® that 
relatively high temperatures are generally associated with 
faults, salt-domes, sand lenses and anticlinal structures of both 
large and small closure. The most powerful source of heat is to 
be found in the hot rocks immediately beneath uplifts, while radio- 
activity and the thermal conditions through oil-bearing strata are 
also possible sources of temperature variations. The generation 
of heat by the oxidation of petroleum appears to be of minor 
importance as a source of heat. 

Although there is little of importance to note in connection 
with the radio-activity method, it may be of interest to record 
the introduction of a new and direct method for the detection 
and location of hydrocarbon deposits. The fundamental idea 
of the method is to catch hydrocarbon gases emanating from 
deposits containing oil (similar to the radio-emanation from deposits 
containing radium, and of measuring quantitatively the amount 
of this emanation at a series of stations. The apparatus is placed 
in a small bore hole, at a depth of a few feet, for about 24 hours, 
and in this way small amounts of methane have been disclosed 
and measured. 

A number of valuable and well-informed papers were presented 
at the Geophysical Section of the World Petroleum Congress, 
in July, and gave rise to discussions which were at the same time 
both interesting and informative. A welcome feature of the 
meetings was the tendency towards more open and frank discussion 
on the methods and the principles of interpretation, on the part 
of those engaged in the various branches of geophysical prospecting. 
There is no doubt that the publication of papers giving the 
technique of the various methods, and the discussions of their 
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possibilities and shortcomings, have done much to eliminate the 
unhealthy condition of supposed secrecy that has hitherto prevailed. 
In conclusion the Author desires to acknowledge the assistance 
received from ‘‘ Geophysical Abstracts,” from which much of the 
information given above has been obtained. 
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Petroleum Literature. 
By Winirrep S. E. Ciarke, B.Sc. (Assoc. Member). 


In the following review of current literature only the more 
important publications have been dealt with, and in view of the 
wide range of subject matter, reviewers’ opinions have been given 
in preference to the writer’s whenever possible. Other relevant 
matter of lesser importance has been summarised at the end of 
each section. 

General—The publications of general interest would appear 
to divide themselves into two classes: those dealing broadly with 
all phases of the petroleum industry from a technical point of 
view, and those of topical, political or historical interest. 

The ‘Annual Reports of the Society of Chemical Industry for 
1932,”’ Volume 17,) includes an article on fuel sub-divided into 
General Plant and Machinery, Fuel, Gas, Carbonisation, Tar and 
Tar Products and Mineral Oils. These sections cover such diverse 
subjects as the use of a colloidal coal-oil mixture, the coking of 
pitch, the production of motor spirit and Diesel oil by simultaneous 
hydrogenation and cracking, and of synthetic lubricating oils. 

R. Schwarz’s ‘“ Petroleum Vade Mecum’”’ (2 volumes),? does 
not require introduction to the petroleum technologist, but it 
should be noted that a ninth edition has been brought out which 
follows the lines of its predecessors with regard to scope and detail. 
The book is written in German, but the headings of the conversion 
tables are given in English, French and German. 

The proceedings of the A.P.I. annual meeting,’ and the A.S.T.M. 
‘“* Standards on Petroleum Products and Lubricants,’’*:> deal with 
petroleum and its products in the usual comprehensive manner. 
Of considerable utility is the summary which has been given of 
the changes made in the standard methods of test. 

A new edition of Skinner’s ‘“ Oil and Petroleum Year Book, 
1933,* contains full details of nearly 700 British and foreign 
companies regarding production, refining and selling organisations 

“ Petroleum in the United States and Possessions,” by Arnold 
and Kemnitzer,’ is of historical as well as of general interest. A 
review is given of the development of oil territories throughout 
the world, together with a geological review of the United States’ 
petroleum deposits. 

R. H. Thomas’ “ Merchandising of Petroleum Products,” 
describes the executive sales duties and the choice and care of 
plant equipment. 

Turning to the economic side, “‘ Le Pétrole en Roumaine,” by 
M. Pizanty,’ is a good statistical handbook on Rumanian interests, 
legislation and general outline of this country’s position in relation 
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to world supply and data with regard to internal consumption. 
English petroleum interests in Rumania are dealt with in a book 
by L. Segalle,!° but this appears to be biased in certain respects. 

“The Bureau of Mines Information Circular (6683) on the 
Mining Laws of Iraq,”’ by E. P. Youngman,” discusses the political 
status and mineral industry of Iraq, also the rights of foreigners, 
monopolies and administration of the laws, the Turkish mining 
law and history of the Iraq oil companies. Relevant literature 
issued by the Bureau of Mines deals with the legislative rights of 
other countries and is detailed in the bibliography.!**® 

Also see bibliography.*°-44 

Analysis and Testing and Standard Specifications.—Perhaps 
the most important publications dealing with this subject are the 
“A4.S.T.M. Standards and Tentative Standards,’’! already mentioned 
under the heading “General.” In addition, attention should be 
drawn to the A.S.T.M. Symposium on Motor Lubricants by Com 
mittee D-2 on “Petroleum Products and Lubricants.’* This 
contains seven papers and an extensive discussion. 

The proceedings of the A.P.I thirteenth annual meeting*® on 
production and refining are of equal significance to the above. 

Another book of considerable utility is that dealing with analytical 
tests of oils, by D. Holde.*® This contains full descriptions of all 
existing standard methods of any importance. It is very compre- 
hensive and gives I.P.T., A.S.T.M., French and German standard 
methods. 

A publication by D. M. Smith*® dealing with metallurgical 
analysis by means of the spectograph should not be overlooked, 
since the use of the spectrograph for many other types of analysis 
is increasing. An example of these methods applied to petroleum 
is that of examination and correlation of oils by means of absorp- 
tion bands. 

The measurement of the viscosity of coal-tars and pitches has 
been described in a book by H. Pickard, in which he deals with 
methods and apparatus. In the same connection reference should 
also be made to the work of Manning.*® 

Also see bibliography.**® 

Crude Oil.—Apart from various pamphlets by the Bureau 

of Mines,*-®4 there has been no outstanding publication on 
this subject, except from a broad point of view in several publica- 
tions mentioned under the heading of “‘ General.” 
_ Gas.—The ever-widening scope of gas as applied to industry 
is reflected in the issue of an A.C.S. monograph on “ Fixed 
Nitrogen,” by H. A. Curtis.*5 Of particular interest is the 
description of high pressure technique employed. 

Also see bibliography.3*-53,66-70 
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Cracking.—The ‘“ Chemistry and Technology of Cracking,” by 
A. N. Sachanen and M. D. Tilicheyev™ is an interesting account 
of several years’ work carried out by the authors at the Petroleum 
tesearch Institute, Grozny. One half of the book is devoted to 
chemical and fundamental features of cracking, while the other 
concerns properties and treatment of cracked products, gasoline, 
kerosine, coke and gases, and short descriptions of nearly twenty 
of the principal cracking systems. The book includes a chapter 
on hydrogenation together with excellent sections on the thermo. 
dynamics of cracking, the analysis of cracked products and the 
refining and utilisation of the latter. 

See bibliography.*° 

Motor Fuels——No comprehensive or general publication dealing 
exclusively with motor fuel has been published during 1933, but 
on the other hand a publication of the Bureau of Mines should not 
be overlooked.” 

See bibliography.13.4.5.°673,74 

Chemistry of Petroleem.—Regarding the chemistry of petroleum 
and its products, the two most important books which were 
published during 1933 are the ‘ Catalytic Oxidation of Organic 
Compounds in the Vapour Phase,” by L. F. Marek and D. A 
Hahn’ and the “ Chemical Refining of Petroleum,” by V. A 
Kalichevsky and B. A. Stagner.7* The former includes a most 
valuable chapter on detonation in internal combustion engines 
Consideration is also given to the physical characteristics of supports 
or porous carriers for catalysts together with the importance of 
time of contact and the general theory of the mechanism of 
catalysis. The oxidation and reactions of paraffin hydrocarbons, 
olefines, acetylene and of petroleum oils are described, and 4 

detailed account is given of the hydroxylation theory of Bone, 
the peroxide theory and the recent applications of chain reaction 
mechanisms to the phenomenon of knocking. The production od 
formaldehyde for methanol and the oxidation of petroleum is 
dealt with, and a valuable list of references is appended. 

The purpose of the book by V. A. Kalichevsky and B. A 
Stagner’® is to present the theory and practice of various chemical 
processes used in refining petroleum and its products and for 
improving certain desirable characteristics of the finished products. 
The authors have discussed in particular those investigations and 
processes which their own experience has shown to be of practical 
importance. They have also included briefer comments on many 
proposed processes of somewhat doubtful value in order to present 
a complete record of the subject. 

Another useful reference book to the chemist is “ Chemical 
Engineering and Chemical Catalogue,” edited by D. M. Newitt,” 
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in which a special section is devoted to the English equivalents of 
Spanish technical terms. A bibliography of technical works is 
appended. 

Of particular interest in view of recent work on reduction, 
dehydrogenation and polymerisation of petroleum and its products 
is a publication on the technical application of aluminium chloride 
by G. Kriinzlein.’® 

See bibliography! *®.4%.49, 50, 60,65,71,79-84 inclusive. 


Kerosine.—Most of the recent work on this subject deals with 
the development of standard tests for burning oil. 45 

Also see 71:78, 

Lubricating Oil.—The second edition of E. A. Evans’ 
“Lubricating and Allied Oils ’’*® is an improvement on the first 
edition (1921). As a handbook on physical and chemical tests for 
lubricating oils and a record of modern procedure of recording 
viscosity in absolute units it should prove very useful. Various 
viscosity conversion tables are given. 

Attention must also be drawn again to the Proceedings of 
American Petroleum Institute* and to the A.S.T.M. Standards on 
Petroleum Products and Lubricants, together with the Symposium 
on Motor Lubricants.*5 

A useful and comprehensive viscosity temperature chart is that 
designed by C. I. Kelly, the ‘“ R.E.F.U.T.A.S.”8* This should 
be serviceable in the determination of viscosities, since it expresses 
viscosity in various acknowledged units. It gives adjacent scales 
graduated in °C. and °F., thus facilitating temperature con- 
versions and easy interconversion of six different viscosity units, 
the determination of the viscosity of an oil mixture and of the 
“times of outflow ” of an oil. 

A book by A. A. Ashworth on the “ Analysis of Oil for the 
Production of Lubricants ”’®’ is an attempt to standardise the 
analysis of raw petroleum with a view to estimating the maximum 
yield of lubricating oils. Special laboratory apparatus is described 
and chapters are devoted to the measurement of viscosity and 
comparative viscosity tables are given. 

See bibliography. 1:5645,52,56,76,88 

Asphalis and Road Materials——-The works of Manning**® and 
Pickard*? on the viscosity of pitch already detailed under 
“ Analysis and Testing ’’ require special note. 

Another interesting book dealing with road materials is “‘ Modern 
Road Emulsions,®® a treatise based on a series of lectures by 
members of the Road Emulsion and Cold Bituminous Roads 
Association, Ltd., and edited by F. H. Garner in collaboration 
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with L. G. Gabriel and H. J. Prentice. It gives an account of the 
development of bituminous road-making materials and devotes a 
section to the physical and chemical properties of emulsions and 
their application in road making. The book also contains a useful 
appendix of the tests and specifications of tars and road emulsions, 
all B.S.I. specifications being summarised. 

The work of F. Wilkinson and F. J. Forty, described in 
‘** Bituminous Emulsions for Use in Road Works,’’™ is more of 
general than academic interest. The authors discuss colloid 
chemistry from a general point of view and describe the character. 
istics of tests for emulsions and emulsifying agents. 

See bibliography.?:4**™ 

Refinery Plant and Engineering —A valuable addition to refining 
technique is ‘“‘ The Chemical Refining of Petroleum,” by V. A. 
Kalichevsky and B. A. Stagner,”® which has already been 
mentioned under the chemistry section. 

With regard to plant equipment, the latest edition of 
F. Hausbrand’s book, ‘‘ Evaporating, Condensing and Cooling 
Apparatus,” must not be omitted. 

Current refining methods and treatment of petroleum and its 
products are dealt with in the usual concise manner in the 
A PI. Proceedings of the third mid-year meeting, Section III, 
and a review of petroleum refineries, including cracking plants, 
in the United States is given by G. R. Hopkins and E. W. 
Cochrane in the Bureau of Mines I.C. 6728.*° 

Turning to oilfield practice, “Oil Well Completion and 
Operation,” by H. C. George,® is worthy of mention. The 
character of oil-sands, oil-sand porosity, the effect of water on 
oil recovery and mechanical problems of handling flowing and 
pumping wells and other methods used in producing oil are 
described. 

The recent publication of A. W. Judge on high-speed Diesel 
engines** is of interest, since it pays particular attention to 
automobile and aircraft types of engines. P. M. Heldt,® in 4 
book on the same subject, gives a condensed review of recent 
research and current design in Europe and the U.S.A. for 
automotive, aeronautical, marine and railroad use. 

The revised editions of the ‘ Automobile Engineer Reference 
Book,’’®* “‘ Machinery’s Handbook,’’” “‘ The Standard Handbook 
for Electrical Engineers,”** and ‘‘ Kempe’s Engineers’ Year 
Book ”’®® are, as usual, valuable as standard works of reference. 

The constitution, manufacture, heat treatment and application 
of alloy steels is described in a book by T. H. Burnham,’ the 
work being founded chiefly on the researches regarding the alloy 
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steels of Sir R. Hadfield. The following are also of interest in 
this connection: Journal of the Institute of Metals, 1932, 19,1 
the Journal of the Iron and Steel Institute, Vol. 1262" and the 

“ Alloys of Iron and Molybdenum ” by J. L. Gregg.1 

Regarding standard specifications, the Air Ministry D.T.D. 
Specifications 224'°* and 230'° should be noted, together with 
their reports and memoranda on oil-cooling for aircraft engines.!°¢ 

See bibliography .*!:%2.33, 54, 56,58, 59, 62,65,76,77,106 119 

Geology and Geophysics.—The origin and environment of source 
sediments of petroleum is the subject of a book by P. D. Trask.!” 
Important conclusions are derived with regard to sedimentation 
and the effects of submarine relief on fineness and texture. 

Another book of interest is the third edition of F. H. Lahee’s 
“Field Geology,” in which geology from a field standpoint is 
dealt with. Geologic structures and topographic forms are 
elaborated with tables and keys, and a section is devoted to 
geological surveying and the nature and construction of maps. 

“Earth Oil,” by G. Egloff,”* is a topical book for the layman 
and deals with the origin, geology and winning of petroleum, and 
contains useful information on oil resources, storage, transport, 
refining and utilisation of petroleum. 

The structure, paleontology and general geology of the most 
important and productive Tertiary oilfields in the world are 
described at length in the ‘‘ Geology of California.’’!** 

A technical paper by the Bureau of Mines'*4 deals with the 
theory of the torsion balance and describes an investigation of 
the problem of reducing free period of a balance system. Abstracts 
of current articles on geophysical prospecting by F. W. Lee!®® 
are also a useful addition to literature on this subject. 

See bibliography .1-*%%,126-140 

Physics Applied to Petroleum and Products ——The books and 
pamphlets in this section concern the determination of the physical 
properties of petroleum and its products. 

The practical application of the PH value in industry is 
described in a book by F. L. La Motte, W. R. Kenny and A. B. 
Reed 141 

Two interesting books on heat transmission, the authors of which 
are Schack!* and McAdams,’ must be noted, together with 
Hausbrand’s work,” already given under the refining section. 

The development of the standardization of industrial physical 
apparatus is given in the report of the National Physical Laboratory 
for the year 1932.144 

The viscosity of natural gas and its deviation from Boyle’s 
law®.68 has already been quoted under the gas section. 
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Some interesting work is recorded in the American Academy 
of Arts and Sciences, Vol. 68.1414? 

See bibliography.51:52.65,66,82,117,118,124,125,14¢-149 

Special Products.—The signiticance of the application of petroleum 
and its products in the manufacture of special products is markedly 
shown in Marek and Hahn’s “Catalytic Oxidation of Organic 
Compounds in the Vapour Phase.’’?® 

The relation and application of petroleum to resins, paints 
and such materials is exemplified in H. A. Gardner’s “ Physical 
and Chemical Examination of Paints, Varnishes, Lacquers and 
Colours,”!” and in T. H. Barry’s “ Natural Varnish Resins.” 
The properties, bulking value, fineness and the oil absorption 
of over 1200 white and coloured pigments are detailed in the 
‘‘ Pigment and Colour Index” by H. A. Gardner, J. R. Stewart 
and A. W. Van. 

Regarding the investigation of insecticides, mention may be 
made of the work carried out at the Rothamstead Experimental 
Station, Harpenden, and of “ Tropical Hygiene and Malaria 
Control at Various Elevations.””!54 

See bibliography .!:76* 

Coal and Low-Temperature Carbonisation.—This subject is 
treated because of its relation to petroleum products. There are 
three pamphlets by the Fuel Research Board. One!®* deais with 
the action of solvents on coal, the second and third 1°%1°? with the 
analysis of coal ash. 

The Report of the Fuel Research Board for the year ended 
March 31, 1933,°° deals with the economic use of fuel, the carbon- 
isation of coal and the manufacture of motor spirit from tar. 
Sections are also included on pulverised fuel, coal-oil fuel and 
on coal as a raw material for chemical industry. 

A technical paper by the Fuel Research Board!** deals with some 
work on low-temperature carbonisation carried out at their station. 

See bibliography.1*5.47.57 

Periodicals.—Most of the new journals appearing during 1933 
have been on engineering subjects, namely, The Oil Engine}* 
The Internal Combustion Engineer) and Diesel Railway Traction! 
the latter being a monthly supplement to The Railway Gazette. 
The first periodical is a monthly publication dealing exclusively 
with compression-ignition engines for all purposes other than 
marine propulsion, which is dealt with in T'he Motor Ship, published 
by the same people. The Internal Combustion Engineer gives 
an account of oil engines for marine, stationary and transport 
purposes, and a section is devoted to the economic side of internal 
combustion engines. These new journals do not, however, attail 
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the standard of the well-known Automobile Engineer, Engineering 
and The Engineer. 


The Reviews of Modern Physics'® is issued bi-monthly by the 
American Institute of Physics, and subscribers to this journal 
receive the Reviews of Scientific Instruments, issued by the same 
Institute. It is a useful journal and treats the development of 
new physical apparatus with great detail. 


Industrial Standardisation’® is a new American periodical 
incorporating Commercial Standards Monthly, which has now been 
displaced as a separate publication. It is published with the 
co-operation of the National Bureau of Standards, and is par- 
ticularly useful to the analyst with respect to the publications 
dealing with new standard tests. 

Ul und Kehle*** is a new German periodical, published by the 
German Institute for the Investigation of Mineral Oils, and is 
edited by Prof. Dr. Ubbelohde. It is published monthly, together 
with an economic and commercial supplement appearing twice 
amonth. The technical section can be obtained separately, although 
both the technical and economic issues contain useful information. 
The former section deals with mineral oils, bitumen and tar, and, 
in addition, the subject of coal-oil is included. It also contains 
reviews on new books, abstracts of current petroleum literature 
and a summary of all recent patents. 

Foreign Petroleum Technology'®® is an American publication 
dealing, as the name implies, with foreign (Russian) literature on 
petroleum. 

A new periodical which appeared during 1933 is Recent Articles 
om Petroleum and Allied Substances** published monthly by the 
San Francisco Office of the Bureau of Mines in co-operation with 
the A.P.I. and Special Libraries Association. There have been 
four issues of this bibliography in 1933 and on ali occasions they 
have been very late in appearing. It is regrettable that this biblio- 
graphy has been discontinued, since it has always been very useful 
for reference purposes. 

Although the proceedings of the World Petroleum Congress, 
held in London in 1933,16 were not published until 1934, it is 
imperative that they be included in any list of literature for 1933. 
The work is edited by A. E. Dunstan and G. Sell, and is published 
in two volumes, one dealing with geology and production, and the 
other with refining, chemical and testing sections. These books 
must be appended as additional references to every section 
mentioned in this report, since they contain matter of interest to 
every branch of the petroleum industry. 
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Kerosine. 

See 45-71-76, 
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182 “ Rare Element Minerals of Canada.” H. V. Ellsworth, Canadian Dept. 
of Mines Geological Survey, Canada. Economic Geology Series No. 11. 

133‘ Manganese Deposits of Canada.’ G. Hanson, Canadian Dept. of 
Mines Geological Survey. Economic Geology Series No. 12. 

134“ Feldspar.”” H.S. Spence, Dept. of Mines, Canada. 25 cents. 

135** Report on Aerial Survey Operations in Australia during 1932.” 
W. G. Woolnough. Govt. Printer, Canberra. 

436“ Earth Lore. Geology without Jargon.” 8S. J. Shand. Murby, 
London. 5s. 

17“ Jurassic System in Great Britain.” W. J. Arkell. Oxford Univ. 
Press. 30s. 

138 “* Mining Year Book, 1933.’’ W. Skinner. London. 7s. 6d. 

39** Alloys of Iron and Silicon.” E. 8. Greiner, J. S. Marsh and B. 
Staughton. Alloys of Iron Research Monograph Series. 

140° On the Mineralogy of Sedimentary Rocks. A Series of Essays and a 
Bibliography.” P.G.H. Boswell. Murby, London. 21s. 

Also see 1-29-93, 


Physics Applied to Petroleum and Products. 


141“ Py and Its Practical Application. F. La Motte, W. R. Kenny and 
A. B. Reed. Williams & Wilkins, Baltimore; Balliere, Tindall & Cox, 
London. $3.50. 

12“ Industrial Heat Transfer.’ A. Schack. Wiley, New York ; Chapman 
& Hall, London. 31s. 

143“ Heat Transmission.” W. H. McAdams. McGraw Hill, New York 
and London. $5. 

44 Report of the N.P.L. for the year 1932. H.M. Stationery Office. 14s. 

49 American Academy of Arts and Sciences, Vol. 68, No. 1, ‘* Pressure 
Volume and Temperature Relations of Fifteen Liquids.” P. W. Bridgman. 
Boston. 60 cents. 

46 American Academy of Arts and Sciences, Vol. 68, No. 2, “* Com- 
pressibilities and Pressure Coefficients of the Resistances of Elements, 
Compounds and Alloys, many of them Anomalous.” P. W. Bridgman. 
Boston. $1.20. 

” American Academy of Arts and Sciences, Vol. 68, No. 4, ** Radioactivity 
Measurements, I. The Radium Content of Keweenawan Basalts and some 
Accessory Minerals.” 

American Academy of Arts and Sciences, Vol. 68, No. 4, ‘* Radioactivity 
Measurements, II. ‘* The Oceurrence of Radium, Uranium and Potassium 
in the Earth.” W.D. Urry. Boston. 50 cents. 

48“ Abstracts and Summaries of the Bureau of Standards Publications on 
Stray Current Electrolysis.” E. R. Shepherd. Bureau of Standards, 
Washington, D.C. 














650 PROGRESS OF NAPHTHOLOGY, 1933. 
149 ** Theory of Thermionic Vacuum Tubes.” E. L. Chaffee. McGraw Hill, 
New York and London. S6. 


Also see 51+52+56+66+82+117+118+124+125+148.149, 


S pe cial Products. 


150 * Physical and Chemical Examination of Paints, Varnishes, Lacquers 
and Colours.” H. A. Gardner. Inst. of Paint and Varnish Research, 


Washington, D.C. S11. 

151 ** Natural Varnish Resins.”’ T.H. Barry. E. Benn, London. 42s. 

182 ** Pigment and Colour Index, 1933.’ H. A. Gardner, J. R. Stewart 
and A. W. Van. U.S.A. Assoc. of Paint and Varnish Manufacturers. 

153 Report of Rothamstead Experimental Station, Harpenden, 193] 
H.M. Stationery Office. 

154° Tropical Hygiene and Malaria Control at Various Elevations.” 
S. M. Watson. Inst. Min. & Mettall., 19.1.33. 

See also 1:76-81. 


Coal and Low-Temperature Carbonisation. 


‘The Action of Solvents on Coal.”” W. E. Bakes. Department of 
Scientific and Industrial Research. Fuel Research Board, Technical Paper 37. 
H.M. Stationery Office. 4s. 6d. 

156 Investigation of the Accuracy of Routine Analytical Determinations 
of Coal and Coke.”’ H. V. A. Briscoe, J. H. Jones and C. B. Marson. Fuel 
Research Survey Paper 29. H.M. Stationery Office. 9d. 

* Methods for the Quantitative Analysis of Coal Ash.”’ J. G. King and 
H. E. Crossley. Department of Scientific and Industrial Research Fuel 
Rese arch Board Paper 28. H.M. Stationery Office. 9d. 

* Low-Te *mperature Carbonisation : Narrow Brick Retorts at the Fuel 
Research Station.” J. eo Shaw, Dept. of Scientific and Industrial 
Research. Fuel Re search Technical Paper 35. H.M. Stationery Office. 6d. 

Also see 1:35+47; 

Pe riodicals. 

159 The Oil Engine, monthly. Temple Press, Ltd. London. 15s. per year 

169 The Internal Combustion Engineer, monthly. Internal Combustion 
Engineer. Now discontinued and incorporated in Gas & Oil Power. 

161 Diesel Railway Traction, monthly supplement to the Railway Gazette. 

162 Reviews of Modern Physics, bi-monthly. American Institute of Physics. 
New York. $4. 

168 Industrial Standardisation, monthly. National Bureau of Standards. 
$4 per vear. 

1640] und Kohle, monthly. Organ der Deutschen Gesellschaft fir 
Mineral6élforschung, edited by Prof. Dr. L. Ubbelohde. Economic supplement, 
semi-monthly. Verlag Mineralélforschung, Berlin. Rm. 11 per month. 

165 Foreign Petroleum Technology. A. A. Boehtlingk, New Jersey. $15 pet 
annum. 

166 Recent Articles on Petroleum and Allied Substances, monthly. San 
Francisco Office of the Bureau of Mines in co-operation with the A. P.I. and 
Special Libraries Association. $1 per annum. i 
- 1% World Petroleum Congress. Proceedings, Vols. 1, 2, —" by A. E. 
Dunstan and G. Sell. London, Vol. L., £1 15s., Vol. II., £2 5s., Vols. I. and 
II., £3 13s. 6d. 
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Statistics. 
By GeoRGE SELL (Member). 

THE statistics relating to petroleum and its products given in 
the following tables are taken as far as possible from official sources, 
but for the year 1933, and in some cases for 1932 also, it has been 
necessary to use preliminary estimates. Generally speaking, the 
final figures for any year are not available until about two vears 
later. 

CRUDE PETROLEUM. 

Table I. gives details of the total world’s production of crude 
petroleum for the years 1931 to 1933. The estimated total produc- 
tion for the year 1933 is 198,208,000 metric tons, an increase of 
%4 per cent. over the total of 181,114,000 metric tons produced 
in 1932. The preliminary figures show that practically all of the 
major producing countries increased their production in 1933, 
and there is little change in the relative positions of the various 
countries. 

TABLE lI. 
World’s Production of Crude Petroleum, 


In thousands of metric tons. 





Percentage Percentage Percentage 

1931 of total. 1932. of total. 1933. of total. 
United States .. 116,683 61:3. 107,556 59-4 123,133 62-1 
USS.R. .. a 22,629 11-9 21,375 11-8 21,440 10-8 
Venezuela .. i 17,543 9-2 17,506 9-7 17,830 9-0 
Rumania .. ; 6,658 3°5 7,337 4-1 7,376 3°7 
Persia 5,843 3:1 6,549 3-6 7,200 3:7 
Mexico , a 4,935 2-6 4,896 2-7 5,075 2-6 
Dutch East Indies . 4,713 2-5 4,898 2-7 5,056 2-6 
Argentina . . 1,697 0-9 1,892 1-0 2,022 1-0 
Colombia 2,605 1-4 2,342 1-3 1,834 0-9 
Peru 1,345 0-7 1,320 0-7 1,826 0-9 
Trinidad 1,361 0-7 1,411 0-8 1,346 0:7 
British India 1,162 0-6 1,124 0-6 1,200 0-6 
Poland ‘i ‘i 631) 557 ) 551 ) 
Sarawak and Brunei 535 | 527 | 450 
Sakhalin .. ae 401 | 415 | 400 
Japan a ae 273 | 291 | 334 | 
Germany .. ‘a 227 | 230 | 239 | 
Ecuador .. os 252 | 228 | 232 | 
Egypt ain a 285 | 1-6 265 1-6 228 > 1-4 
Iraq oa - Lil | 122 ( 160 
Canada ee o® 188 | 129 | 142 
France _ ea 74 | 76 77 
Italy a se 16 | 27 | 28 
Czechoslovakia oe 20 | 23 } 17 
Bolivia a - 3 5 4 
Other countries .. 8) +4 8) 


181,114 100-0 198,208 100-0 


190,198 100-0 
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NATURAL GaAs. 

Very little information is available regarding the production of 
natural gas as many countries, such as the U.S.S.R., Mexico, 
Argentine, Colombia, do not apparently collect official statistics 
of natural gas production. The figures which are available! are 
given in Table II., and represent only that part of the gas produced 
which is actually used. 


TABLE II. 
Production of Natural Gas. 
1930. 1931. 1932. 
Thousands of cubic feet 
United States an “ 1,943,421,000 1,686,436,000  1,555,990,000 
Rumania va sed = 42,594,019 48,842,910 63,000,000 
Canada ois _ wes 29,376,919 25,874,723 23,420,174 
Poland a os rv 17,180,686 13,889,841 15,432,568 
Italy .. - - i 307,186 427,777 454,835 
Hungary - vi - a a 20,218 
United Kingdom (est.) SA 7,000 7,000 7,000 
Austria - ae “a - - 2,025 
Yugoslavia .. és as 188,765 225,182 a 
Czechoslovakia at na 109,149 34,830 a 
France - i na 10,846 10,787 a 
Japan. . x bn “a a 2,705,675 a 
Long tons. 

Venezuela b :— 

For producing gasoline .. a 683,004 a 

For fuel .. os xe a 223,042 a 

For gas lift ia aa a 255,466 a 
Dutch East Indies .. - 531,709 671,685 838,135 


a Information not available. 
b Part of these gases are used for more than one of the purposes shown. 


ASPHALT. 


A summary of the world’s production of asphalt for the years 
1930 to 1932 has been given by W. Schmidt,? and Tables III. to 
V. have been extracted therefrom. Table III. gives details of the 
production of bitumen and of natural asphalt in various countries, 
the quantities of the latter being expressed in terms of its bitumen 
content. Table IV. gives similar figures for the year 1932 by 
continents, and is apparently based on preliminary estimates only 

In Table V. the annual consumption of asphalt is given by 
continents, and the quantities are based on the figures for produc- 
tion plus imports less exports. 

Figures for the world’s production of natural asphalt and of 
asphalt rock have also been given, and are reproduced in Tables VI. 
and VII. 

From the information given in the tables relating to asphalt, 
it is obvious that the production has declined in the last few years. 
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America :— 
United States .. 
Mexico... 
Canada. . 
Trinidad 
Venezuela 
Cuba ee 
Other America 


Total America 


Europe :— 
Great Britain .. 
Germany 
Holland 
France .. 
U.S.S.R. 
Italy 
Rumania 
Poland .. 
Switzerland 
Spain ee 
Other Europe .. 


Total Europe 


Africa : 
Egypt 

Asia 3 
Japan .. Ke 
Dutch East Indies 
Syria ee 


Total Asia 


Tora WorLpD 


Continent. 


America 
Europe 
Africa 
Asia .. 


Total 
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Taste III. 
World's Production of Asphalt. 


1930. 
Natural 
Asphalt 


(Bitumen Bitumen. 


content). 


85-2 

149-2 
64-2 1-9 
51-2 
9-2 
0-8 





364-4 
4:8 274-6 
117-5 
57 45-8 
2- 33-7 
>. 
1-3 23-8 
0-6 18-2 
12-8 = 
1-0 - 
0-6 
71-9 878-0 
64-7 
- 10-0 
1-3 
0-6 -— 
1-9 10-0 


284-4 5174-9 


TABLE IV. 
Production of Asphalt in 1932. 


Thousands of metric tons. 


_— 





do bo hy = tS 


224-9 5081-6 





1931. 


(Bitumen Bitumen. 


10-0 


Total, 

Thousands of metric tons. 

3290-0 
939-0 





4275-0 








Trinidad 
Egypt (exports) ° 
United States (sales) : 
Gilsonite 
Wurtzilite 
Switzerland (exports) 
Venezuela 
Cuba o« 
Poland (ozokerite) 
Italy a - ; 
Barbados (exports of manjak) 


United States (sales) 
Italy .. a 
France 

Germany 

Spain .. a 
Dutch East Indies 
Czechoslovakia 
Greece 

Yugoslavia 


considerably lower than in 1931. 
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TABLE 


decrease in production in 1932, with the exception of Estonia. 


¥. 


World’s Consumption of Asphalt. 


1930. 1931 1932 
Natural Natural Natural 
Asphalt Asphalt Asphalt 
( Bitu- ( Bitu- (Bitu- 
men Bitu- men Bitu- men Bitu- 
ontent). men Total. content) men Total. content). men Total, 
Thousands of metric tons 
America .. . 154-0 3780-4 3934-4 100-7 3565-9 3666-6 65°9 2908-4 29743 
Europe .. - 111-9 1110-7 1222-6 112-6 272-6 1385-2 102-3. 1031-2 11335 
Africa. ‘ 87 778 86-5 3-8 67-8 71-6 2-1 40-2 2-3 
Asia ee ee 5-9 149-0 154-9 2-2 127-3 129-5 1-6 88-2 89-8 
Oceania 3-9 57-0 60-9 a6 48-0 53-6 3-1 32-0 35:1 
Potal 284-4 5174-0} =5459-3 224-9 5081-6 5306-5 1750 4100-0 42754 
TaBLeE VI. 


World’s Production of Natural Asphalt. 
) 7} 


a Information not available. 


Tasie VII. 
World’s Production of Asphalt Rock. 





1930. 1931. 1932. 
Long tons. 

157,859 123,138 107,457 
53,813 34,676 42,638 
33,646 29,253 23,174 

198 115 22 

16,849 15,089 6,831 

a 6,626 

20,698 9,536 5,218 

887 324 639 
IRG 738 a 

10 9 — 
1930. 1931. 1932 

Long tons 

593,635 420,081 280,392 

220,496 126,278 
69,160 47,018 

115,311 32,800 

9,330 5,054 a 
12,696 2,356 837 
658 995 a 

a 
a a 





a Information not available. 


O1-SHALE. 
From the details given in Table VIII.,! it will be seen that the 
United Kingdom continues to be the largest producer of oil-shale, 
although even in the case of this country the figure for 1932 is 


All the other countries show a 
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STATISTICS. 
Tasie VIII. 


World’s Production of Oil-Shale. 


1930. 1931. 1932. 
Long tons. 
United Kingdom wi me .. 2,020,510 1,732,746 1,368,596 
Estonia .. ne a - - 490,090 393,185 493,880 
France (including boghead coal) <a 81,197 73,364 a 
Spain ‘a es wa oF atte 54,276 54,733 a 
Italy ia Pr a — 10,923 9,236 7,163 
Australia ed acm a aaa 5,774 3,533 1,097 
Germany (Bavaria we iia 535 411 a 
Austria .. ae 7” Pe = 379 327 316 


a Information not available. 
UNITED STATEs.* 


As the United States is the producer of over 60 per cent. of the 
world’s total production of crude petroleum, some of the available 
details regarding the petroleum industry of that country are given 
in Tables IX. to XII. 

Crude Petroleam.—From Table IX. it will be seen that the 
production of crude petroleum in the United States in 1933 was 
about 14-5 per cent. greater than in 1932. The increase in pro- 
duction was obtained from the Mid-Continent and Gulf Coast 
fields, which between them increased their production by a greater 
amount than the total increase for the whole country. With the 
exception of the Lima-Indiana field all the other fields showed a 
decrease in their production. 

Output of Refineries —The total output of liquid products from 
the petroleum refineries of the United States in 1933 was about 
850 million barrels, an increase of approximately 37 million barrels 
over 1932 but about 45 million barrels less than in 1931. 


TaBie IX. 
UNITED STATES. 


Production of Crude Petroleum. 


1931. 1932. 1933. 
Thousands of barrels. 
Appalachian . . 7 ade as .. 30,401 29,667 27,473 
Lima-Indiana , a er = 4,941 8,004 8,884 
Illinois and S.E. Indiana . a ea 5,842 5,450 4,948 
Mid-Continent a “ sea .. §43,736 493,034 594,231 
Gulf Coast .. $s a: ms .. 57,592 53,466 75,388 
Rocky Mountain .. $i - .. 19,739 17,410 14,865 
California <a = . ot .. 188,830 178,128 173,085 





Total és a $e .. 851,081 785,159 898,874 
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Motor Fuel :— 
Gasoline 
Straight-run 
Cracked .. 


PROGRESS OF 


NAPHTHOLOGY, 
TABLE X. 
UNITED STATES. 


Output of Refineries. 
1931. 


1933. 


1932. 


1933, 


Thousands of barrels 


219,957 
176,437 


Natural .. 39,233 
Benzole 1.826 
437,453 

Kerosine sat ea aw 42,446 
Gas Oil and Distillate Fuel Oil 83,882 
Residual Fuel Oil - 253,085 
Lubricants 26,704 
Asphalt 2,976 
Road Oil 5,177 
Still Gas* 38,630 
Other Oils 4,150 
Paraftin Wax 447,400 


Petroleum Coke 


Thousands of short to 


2,032 


195,386 
170,905 
32,390 
1,031 


399,712 


43,836 
69,467 
225,283 
22,433 
2,475 
6,879 
40,905 
1,738 


Thousands of Ibs. 


458,920 


1,789 


* Expressed in terms of fuel oil on a B.Th.U. basis. 


TABLE XI, 
UNITED STATES. 


Production and Consumption of Natural Gas. 


Production 
Imports ee 


Exports .. 


Consumption : 

Domestic 

Commercial 

Industrial— 
Field ‘ ee 
Carbon-black plants 
Petroleum refineries 
Electric power plants 


Portland cement plants .. 


Other 








1930. 1931. 
Millions of cubic feet 

1,943,421 1,686,436 
21 44 
1,943,442 1,686,480 
1,798 2,231 
1,941,644 1,684,249 
295,700 294,406 
80,707 86,491 


723,165 
266,625 
98,842 
120,290 
41,256 
315,059 


571,365 
195,396 
75,548 
138,343 
31,381) 
291,319 f 





1,941,644 


1,684,249 





195,96] 
180,662 
30,188 
1,473 





408,284 
48,92] 
313,81) 


23,805 
2,220 
6,000 

45,300 
1,300 


469,560 


18 


1,576 


1,555,990 
38 
1,556,028 
1,693 





1,554,335 





298,520 
87,367 
529,378 
168,237 
67,467 
107,239 


296,127 


1,554,335 
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STATISTICS, 
Taste XII. 
UNITED STATES. 


Quantity of Liquefied Petroleum Gases Marketed. 





1931. 1932. 1933. 
U.S. gallons. 
Domestit on a .. 15,294,648 16,244,103 
Gas Manufacture - .- 6,303,242 9,703,470 ‘ 
Industrial and Miscellane 20us .. .. 7,171,686 8,167,194 13,987,095 


28,769,576 34,114,767 38,931, 008 


1933. 
Gas Industrial and 
Domestic. Manufacture. Miscellaneous. Total, 
U.S. gallons. 
Propane . . ia .. 14,334,412 199,534 1,300,784 15,834,730 
Butane .. a a 705,894 6,170,570 12,179,766 19,056,230 
Pentane and Propane- 


Butane Mixtures a 1,585,282 1,948,221 _ aes 4,040,048 





16,625,588 8,318,325 13,987,095 38,931,008 





While the production of straight-run gasoline remained practically 
the same in 1933 as in 1932, the production of cracked gasoline 
increased considerably and exceeded the total for 1931. Most of 
the other products show increased production in 1933. 


Natural Gas.—For the years 1930 to 1932 the production of 
natural gas in the United States has been on the decline, and details 
are given in Table XI. of both production and consumption. 
Although the total consumption shows a decrease, the use of 
natural gas for commercial and domestic purposes has been on 
the increase, the whole of the decrease being in its industrial 
use. 

The amount of carbon black produced from natural gas in 
1930 was 379,942,000 lb., in 1931 280,907,000 lb., and in 1932 
had dropped to 242,700,000 lb. The total domestic consumption 
of carbon black in 1932 was 161,483,000 lb., which was distributed 
as follows: 81 per cent. to rubber companies, 11 per cent. to ink 
companies, 5 per cent. to paint and varnish companies, and 3 per 
cent. for miscellaneous purposes. 

Liquefied Petroleum Gases.—In 1929 the total quantity of liquefied 
petroleum gases marketed in the United States amounted to 
9,930,964 U.S. gals., and in 1930 this was nearly doubled, 
amounting to 18,017,347 U.S. gals. From the information given in 
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STATISTICS. 659 
Table XII. it will be seen that in 1933 the quantity marketed 
amounted to 38,931,008 U.S. gals. Of the total consumption in 
1933, 42-7 per cent. was used for domestic purposes, 21-4 per cent. 
for gas manufacture, and 35-9 per cent. for industrial and 
miscellaneous uses. 


UNITED KINGDOM. 


Imports and Exports.—The details published by the Board of 
Trade of the imports and re-exports of petroleum products and 
the exports of home-produced oils are given in Tables XIIT. to XV. 
The figures for 1933 are subject to amendment when the final 
details are received, but they serve to indicate that there has been 
a considerable increase in the petroleum trade of the United 
Kingdom. Compared with 1932, the totals for 1933 show that 
the imports of petroleum and its products increased by about 
9 per cent., while the exports of home-produced oils increased 
by 34-5 per cent. 


TABLE XV. 


UNITED KINGDOM. 
Exports of Home-Produced Oils. 








1931. 1932. 1933 
Quantity Value. Quantity. Value. Quantity Value. 
Imp. gals. £ Imp. gals. £ Imp. gals. £ 
Motor Spirit 30,698,193 $39,259 34,095,142 45,251,101 648,496 
Kerosine 11,504,476 52,176 8,855,374 9,220,063 139,166 


Lubricating Oil 


6,028,153 








6,641,954 607,730 


7,097,950 





Gas Oil 5,205,851 8,950,148 18,810,615 210,405 
Fuel Oil 9,841,775 72,878 7,556,546 65,403 12,377,288 86,181 
Other Sorts 3,720,392 73,317 3,604,669 63,747 2,075,922 42,567 

Total 66,998,840 £1,428,680 70,159,829 £1,685,249 94,376,923 £1,734,545 
Paraffin wax (cwts.). . 199,450 £172,473 118,606 £122,679 114,079 £123,995 
Lubricating Oil, mixed 6.048.089 £686 882 7.008.038 £700,305 6,252,183 £631,898 


TaBLe XVI. 
UNITED KINGDOM. 
Retained Imports of Petroleum Products and Values per Imperial Gallon. 








1931 1932 1933. 
Valu Value Value, 

per per per 

Quantity limp. gal Quantity Imp. gal. Quantity Imp. gal. 

Imp. gal d Imp. gal d Imp. gal d. 

Motor Spir 859,961,783 62 928,563,696 5-06 3-41 
Kerosine 255,733,015 10 200,784,299 3-32 2-80 
Lubricating Oil 94,745,591 9-62 82,546,623 10-13 7-04 
‘ras Vil 31,843,602 2-32 2-38 2-46 
Fuel Oil 481,883,779 1-86 1-34 1-78 
Crude Gil 344,370,004 2-07 368,502,111 2-18 2-3 
Uther Sorts 16,780,014 2-9] 11,820,890 3-08 3-338 
Total 2,135,317,788 3-12 2,176,733,318 3-28 2,409,800,248 2-00 


Paraffin wax (« wts.) 





1,078,082 








1.043, 280 
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In Table XVI. the total quantities of imported oil retained in 
the country are set out and the average value per gallon is given. 
Although the total quantity increased by 10-7 per cent. in 1933 
as compared with 1932, it will be seen that the average value per 
gallon decreased by 11-6 per cent. The largest reduction in value 
is in the case of lubricating oil, which amounted to 21-6 per cent. 


TaBLeE XVII. 
UNITED KINGDOM. 
Imports of Crude Petroleum. 


Per- Per- 
centage centage 
Country 1931. of Total, 1932. of Total. 1933. 
Thousands of Imperial gallons. 

Persia ee -< 243,396 70-7 232,517 63-1 221,714 
Peru si - 45,035 2-2 74,850 
Mexico ic mT 16,506 4-5 59,472 
Venezuela .. + 70,008 20-4 32,016 8-7 17,098 
Trinidad .. - 7,104 2-1 1,168 0-3 12,544 
Dutch West Indies 23,471 6-8 34,473 9-4 4,424 
United States 7 2,273 0-6 1,411 
Others - oe l 4,514 1-2 5 

Total .. ee 343,980 100-0 368,502 100-0 391,518 


TasBLeE XVIII. 
UNITED KINGDOM. 
Imports of Refined Products. 


Per- Per- 
centage centage 
Country. 1931. of Total. 1932. of Total. 1933. 


Thousands of Imperial gallons. 
Dutch West Indies 336,154 18-0 451,252 24-0 740,509 


Persia di “4 196,272 10-5 258,182 13-7 369,243 
United States .. 875,908 31-0 462,552 24-6 352,246 
Rumania .. ia 199,542 10-7 226,390 12-1 198,559 
Mexico - -_ 121,674 6-5 147,487 79 155,068 
Trinidad . si 51,601 2:8 47,379 2-5 80,466 
U.S.S.R.. .. 268,296 14-4 167,715 8-9 74,341 
Dutch East Indies 53,996 2-9 47,596 2-6 48,711 
France o. ee - 14,968 
Peru ; - - 27,030 1-4 11,336 
Egypt ° - 9,589 0-5 13.897 0-7 6,788 
Germany .. - — 3,211 0-2 3,714 ° 
Irish Free Stat , - 2,283 0-1 2,147 
Belgium .. ‘ _—- 2,120 
Poland - - - -— 1,422 
Straits Settlements 

and Sarawak .. 28,810 1-5 13,513 0-7 328 
Other ae ne 21,922 1-2 11,824 0-6 871 


Total .. .. 1,863,764 100-0 1,880,311 100-0 2,062,837 





Per- 


centage 
of Total 


100-0 


]00-0 
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rante NIX, 
UNITED KINGDOM. 


Retained ITmports and Home Production of Petroleum and its Products, 
/ 


Retained 





Retained Hom Per 
linports Production Potal centage 
20 Millions of Imp. gals 

Motor Spirit 710-4 138-8 849-2 44-0 
Other Spirit. . , 16-0 22-2 38-2 2-0 
Kerosine , a .. 176-3 V4 226-7 12-0 
Gas Oil rN weal 107-0 14-9 ]22-8 O65 
Lubricating Oil , - s VO-7 rr 
Fuel and Diesel Oily SORT 248-5 Dd3°2 29-3 
Total be ISSU-S 100-0 

1O30 
Motor Spirit SOO-7 148-4 1038-1 £-0) 
Other Spirit 10-1 16-5 26-6 1-3 
Kerosine 160-6 34-8 195-4 {)-? 
Gas Oil 117-6 20-6 138-2 O05 
Lubricating Oil ; . * * 106-3 +0 
Fuel and Diesel Oil4 : 370-6 235-0 613-5 29-0 
Total 21IS-1 100-0 

1931 
Motor Spirit 848-5 140-5 VUS-O 50-0 
Other Spirit 3-2 17-5 20-7 i 
Kerosine ‘ IS3-2 41-9 225° 1 11-3 
Gas Oil 64-9 30-3 95-2 4-7 
Lubricating Oil ; ; * * YS-8 50 
Fuel and Diesel Oil . 3753 184-0 559-3 28-0 
Potal 1997-1 10-0 

1932 
Motor Spirit : . 922-8 1048-0 51-0 
Other Spirit. op $-] 17-6 oOo 
Kerosine . 160 190-1 -4 
Gas Oil ; 4-2? 120-5 ao 
Lubricating Oil . S67 4-3 
Fuel and Diesel Oil4 105-0 558-3 27-6 
Potal 2021-2 100-0 


* As the home production figures do not include lubricating oils produced 
from imported lubricants by blending, it is not possible to cifferentiate. 


Including bunkers for steamers and fishing vessels, 


An informative article has recently appeared? and Tables XV LI. 
and NVIIL. are extracted therefrom. Table XVII. shows that 
the sources from which 


there has been a considerable change il 
crude oils were imported, although the bulk of the supply. still 
comes from Persia. Similarly, the countries of origin of the 
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refined products have also varied in their importance, and the 
United States now occupies the third place in the table. 

Domestic Consumption..-The Board of Trade published® figures 
giving particulars of the throughput of petroleum refineries in 
Great Britain. Table XIX. gives the total quantities of petroleum 
retained in the country for the years 1929 to 1932, and _ these 
figures may be taken as indicating the annual consumption. For 
the years 1930 to 1932, the annual requirements have remained 
fairly constant at about 2000 million gallons, of which 
approximately 50 per cent. is gasoline, 28 per cent. fuel and Diesel 
oil, 10 per cent. kerosine, and 5 per cent. lubricating oil, the 
remaining 7 per cent. being gas oil and other oils. 

No information is yet available for the refinery output in 1933, 
hut it would appear that there was a slight increase in consumption, 
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